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PREFACl^: 



This voluiuc makes no prctiMisc oT being citluM' coniplcle 
or i)('rf(H't. All that it i)r('ten(ls to do is to make it pos- 
sible foi- certain ,<»r()ui)s oT students of one oi* another 
aspect of medicine^ to i>"et a bii'd's-eve view of the prob- 
lems of patholo.i^y, and of the methods of disease. 

There is a rai)idly ,<>r()\vini»' need amou.^' the students of 
dentistry for somethin.<»' more than the often supiM'ficial ) 
and somewhat disconnected accounts of the ])asic j^rin- 
ci])les of their art. More and more the dentist is realiziui;' 
that his ])roblems and those of the j^hysician are ver-y 
close toi;'(4her; so close that it seems that dentistry will 
uo l()U<>*er be looked u])()n as essentially sej)arate from 
medicine and sur<»'erv. 1'hei-e is, tluMi, every reasou Avliv 
the dentist shoidd be i)i-ovi(led with a syst(Mnatic ti*eatise, 
which, while it is not a])])lied s])ecilically to his work, will 
foi'm a basis for close?* relati()nshi])s with his fellow stu- 
dents in medicine. 

P. (!. AV. 

( 'iiiciiniati, Oliio. 
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FUNDAMENTALS OF PATHOLOGY 



CHAPTER I. 
TNTRODUCTIOX. 

It is oL' coiirso rcaliziul that the body is a composite 
org'aiiisin, i. e., that it is composed of organs, and that 
the organs are composed of cells. It follows from tiiis 
that the vai'ions fnnctions of the Ixxly depend npon the 
activiti(\< of th(^ cells. As (Juvim- has expi*(\^sed it, ^'Ev- 
ery biological manifestation of function and ])r()cess 
from the How of thonght to the pathology of cancer vo- 
solves itself in last analysis into a prol)hMn of the liv- 
ing c(01.'' It is exactly tlu^ same with us whether Ave 
deal with a singh^ cell like a l)acterimn or an ameha, an 
organ like tlu* liver or the whole human bodv, with this 
(exception, — that in the first cases W(^ deal with singh' 
cells which constitute the whole organism, while in the 
latter cases we deal Avith gi-()ui)s of cells — cells which 
act together in harmonv. 

Even in tin* smallest of the unicellular organisms tlu^ 
cell bodv is not h()mogen(M)Us but shows certain strnc- 
tures which are known as pi'imitive organs. In some 
cas(\^ Ave recognize only a nucleus: sometimes not even 
that. In othei* cas(\^, we lind other things than the 
nucleus, L'or instance, a conti'acting vacuole, Avhich is 
an exci'etory oi'gan. Iln^se organs ar(* ])arts of the c(*ll 
bodA^^ Avhich haA^e been diff(u*(Mitiat(Ml from the rest of 
the ])rotoi)lasm and set ai)art to do cei'tain sjxH/ilic things. 
The cytoplasm, for instance, may be lai*g(^ly responsil)le 
for the ingestion and assimilation of food, Avhile the 

17 
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iniclous lias ratlicr to do with runctioiis of roproduc- 
lioii and <»"i'oAvth. 

Tlicsc ])rjinitiv(' oi-.uaiis tlKM-cfoi-c i)lay a ])art in tlie 
lower ()ri;anisnis Avhich the more ('oin])h^x organs play 
in the hinnan. They ai*e ])arts of tin* living organism 
Avhieh ])erfoi-m ciM'tain tasks Avhieh iio otlu'r part can 
(h) so well, and oftcMi cannot do at all. Tlu^y are not, 
hoAvever, independent of tlie ])ody as a Avlioh* Init are 
eai*(d'nlly coordinated in the orgaiiism and depend for 
tlunr activities n])on one anotluM*. R(4nove tlu^ nnclens 
from a cell and that c(41 no longer gi'ows. Tiemove the 
livei* from the man and he dies. In the lower organisms 
the correlation is r(4atively simj^h^ In tlie higluM- forms 
of life it l)ec()mes mori^ and more complicated as the 
conditions of lite l)ecome moi*(^ and more comphw. 

So long as the coordination remains relatively undis- 
tni'hed, i. e., not affected beyond cei'tain limits, health 
icsnits. Wlieii these limits are ])assed, disease^ is pro- 
dnced. Ilealtli tluMi depends njion celhilai* and organic 
cooi'dination : disease npoji lack of coordination. 

In the lower Torjiis of life, as in the amel)a, the cor- 
relation between differcMit ])arts of each cell is the im- 
])oi*tant tiling. In more advanced forms, it exists he- 
,tween c(^l!s. In the still higher forms, gi*oui)s of cells 
ai'(^ !n\(>Iv(Ml. Snch groni)s ol* cells may foi'm large or- 
gans as, for instance, the liver, or ])ancreas, or, on tlu^ 
otliei- hand, mav be merelv a part ol' an anatomical or- 
gaii as illustrated in the medulla of the adi'enal or the 
cells of the j*espiratoi*y center. 

The c(^lls of tli(^ bo(ly are composed, we ar(' told, oC 
protoi)lasm. The pr()toi)lasm is (li\'i<Ied accoi'diiig to its 
\'arviim' chemical structui-e into cvloplasni and nuch^ar 
material. l>oth a.re albuminous in constitution. Besides 
these substances there are othei's which also ai'e ])r(»s(Mit 
in all cells: I'oi* instance, fats, lipoids (such as choles- 
tei'in and hM-itliin), glvcogeii: and stilt others Avhich are 
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lircsfiit ill (inly i-crtaili ty|irs ill' i-rlls. siK'll as kiTatlli 111 
(.pitllclial i-cllJ. iiiKiiii.iits ill sciiii.. rpitlli'lial ivlls, ill (lie 
ri'tina cells, in cevtaiu nerve cells anil their derivatives, 
ami in the c(ir]>iis liitciiin iil tlie iivary. Tile liodios 
wliieli are ]>resi'iit in all cells are sitiiken iil' as jiriniary 
cinistitiients: tliiise present inily in certain types <>( cells, 
as seciinilary conslitnents. It is tlie latter wlilcli olten 
lielp us hi ileciiliiiK wlint ty|ie .it cells Me are ilealillK 



with anil lierliaps wlielher i 
otcell.Mlialal riiial |ir.ici, 

no inelaniii is presei.t nmle 
deuce III' a palhiiliiiiic iniii-e, 



lit. if we know the type 
al'l'ecline the cells. The 

I laniii) ill cells when 

iriiial ditiiins. is evi. 

■I'he sa Iliiiin- iiiav he 
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said of (MizyiiK's. The prcscuct' of jx'psiii in tlic^ kidnc^y 
would 1)0 just as al)n()ruial as the al)S('n('0 of it in the 
stomach. It is interesting* to know that the secondary 
constituents de])end ui)()n th(^ activities of the primary 
ones. 

One of the most important constituents of all proto- 
plasm is wat(^r. AVere it not for tliis substance, life could 
not exist, for without it sohitions of food sul)stances and 
salts could not he made in tlie Ixxlv, — and the cells all 

« 

depend upon solutions for tlieir n(mrishment. In the 
M'astroiiitestinal tract the foodstuffs ar(^ cha]i2:ed hv 
nutans of ferments from ius()hil)le states to S()lul)le ones. 
Alhumins becouu* chan<;(ul into pei)t()n(^s and amino-acids 
and these al)soi-l)(Hl into the tissues, are ai»*ain l)uilt up 
into relatively insoluhh^ coml)inati()ns. And it is mainlv 
nitrog'enous sul)stanc(»s (])rot(Mns), the carl)()hydrates 
(sugars), and the fats, Avhich serve as foods. For them 
the Avater is a vehicle of transmission fi'om one part of 
the body to another. 1'he salts, on the otluu* hand, prol)- 
ably have no nutritive value, l)ut are (dTective in mod- 
ifying the ])rot()|)lasm so that it has gi'eater affinity for 
water in Avhich the nutritive sul)stances arc^ dissolved. 
Protoplasm is a sul)stance which belongs to the same 
))hysica] categoi*y as glue, and gelatine, i. e., it is a col- 
loid, — a niti'ogenous colloid. When a salt in solution 
comes in contact with a colloid of the tyi)e of [)rotoplasm, 
the colloid gives u[) \\at(M*. When it comes in contact 
with an acid is takes up water. 

Fn the bodv, the tissues are norniallv neutral. But 
A\henever they are active they t(Mid to be s])lit uj) into 
simi)lei' clu^nical substances which invai'iably ai*e acid 
in character, rndei* these circumstances the cells al)- 
soi'b water with its dissolved substances, foodstuffs and 
salts. Wheji tlu' concentration of salts reaches a c(u*tain 
])oint, \\alei' absorption ceases. When it ])asses that 
])oint, water and dissolx'ed substances ai'e given up by 
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the protoplasm (excretion), and sinee tlie blood serum 
is always, tlioiigli very little, more* acid than the tissues, 
l)eeause of the presence of acid excretions (carbonic acid 
and other sul)stances), the tendency is for siil)stances in 
solution to continually pass out of the cells into the 
serum. At the same time actively functi()natin<»," cells con- 
stantly i)roduce acids and so there is the constant ten- 
dency for cells to take up water and dissolved sul)stances. 
It is ther(d\)re upon local variations in acidity and al- 

j,H kalinity that al)S()rption and secretion d(4)end. 

l,v So patlio]o<>'y wliih^ it is, as the word sii>nities, the study 

of diseas(% it is also fundamentally a study of the physics 
and chemistrv of the bodv colloids, particularlv the ni- 
tr()g*en(ms colloids. AVe shall, hoAvever, in the foUowiui;* 
chapters not make a fundamental study of the facts of 
disease, but will devot(^ ourselves to a more supei'ficial 
view of the ])r()l)lems of disease. 

'1 KEFKIi'EXCKS. 
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(MFAl'TEH IL 
HEALTH AND HISEASE. 

As we have said, h<*altli (l('])('ii(ls u])()ii cooi'dination of 
cc'Uular ])r()('('ss('s : disease deix'uds ii])()ii a lack of such 
cooi'diiiatiou. H' wc accept this co]icc])tioii then avc sec 
that health and disease de})eiid iijioii two thiiii»'s; tlie 
structure of the cells ot* the bodv and the reacti(Ui of 
them to inlluenc(\< Avithout the cells. 

Were the cells constant in structui'e aud Avere the en- 
vironment constant, then cellular disease would not exist. 
Were the hodv consti-ucted in a constant I'ashiou, aud 
were the sui*i'onndin,us ot the l)ody constant, theu dis- 
ease ot the ))()dv would not exist. So disease of the Ixxlv 
(h'j)ends n\u)]\ (1) the structure of the hody and (2) the 
environment. 

We niav illustrate this in the roHowiim- wavs: 

I. Suj)i)ose we eonsider a normal human beinu". His 
diu'estion is j)errect. His temperature is nornuU. lie 
is happx' and c()ntent<'(l, and is free IVom anv annovauce, 
h()\\(*\'er petty. Su])pose he take by mistake a solution 
of bichlori(h' of mereui'v, thinkinu" it water. Su])i)ose in 
phiee of the corrosive sublimate, the \\ater contains ty- 
phoid bacilli, or cholei-a spirilhi. Suppose he is struck 
bv a rallinu' object. In either case damaive to tli(^ bodv 
results. He is poisoned, anc sa>' in the !ii-st case. He 

becomes iureeted. ill the sei'oud. He re<'ei\-es a traUUUl, 

in the third. He is ui)s<'t. Xo lonu'er ai*e the I'linctions 
of the body canied ont in a normal tasliion. His ])eaco 
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of mind is lost, lie is sick. Jle servers us as an (example 
of an or<i^anisni, internally perfect, to start with, Avhieli 
has suffered from alniormal conditions in the envircm- 
ment. 

II. Sui)pos(\, again, Ave take a ease in whieh the sur- 
I'oundings of the individual arc^ almost perteet — let us 
make them pei-feet. Let us say that the Avat(M- supply 
is al)solutely clean, the food su])i)ly fresh, the cuisine un- 
excelled, the surroundim^'s noi-mallv sterile. And vet th(^ 
individual whom av(^ ar(^ considering do(\s not Ix^have in 
a normal fashion. r(M-hai)s ]w has some 'Vniu'vous'' con- 
dition; perhai)s he passes too nmch sugar in his urine: 
])erhaps he reacts toward stinndi Avhicli cojne from his 
surroundings in a totally sti'ange nmnnei-. lie \v(m^i)s at 
small things; he raves at ol)Jects: he has maniacal at- 
tacks; p(^rhaps he is dei)ress(Ml. He do(\^ not easily with- 
stand changes of temi)ei*ature. Kvid(Mitly something is 
the matter inside the l)ody. The cells do liot respond 
to stimnli as the\' should, lie is ])hlegniatic we sav, or 
he shows s})leen, he has a bad diS])()sition, or a weak 
constitution. ll(M'e we have an (^\anl|)le of the effect of 
a noi'mal environment on a body Avliich is consti*ucte<l 
hadlv. 

JIT. Sui)])ose still again, we consider an individual 
who because of improper care has IxH'ome I'un down, we 
say, — anemic, tired, woi-n out. lie has allowed a pei*- 
fectlv good envii'onment to ])lav havoc with his bodv. 
The intei'ual ari*angemenis have Ixm'ii damaged so that 
while oth(M*s in the same enviromnent i)resei've their 
health, he becomes tul)ei"culous, let us sa\. I>ecause he 
is '*i*un down'' he becomes infecte(l. lie is careless of 
chill and fatigue and ''takes'' pneumonia, lie allows 
his tonsils or t(M'th to get into a bad state of i'ei)air, and 
develops I'heumatism and its attendant states, lie is al- 
1ow(m1 or forced bv pai'eiits or societv to think and f<M'l 
and behave in wrong directions and, following false uods. 
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li(^ b(H'()iii(\< a criiniual. Jlcrc* avc have had iiiider con- 
sideration the rcsnlts to Ix' (^xpcctcd Troni eoniliinations 
of internal al)n()rnialitios to,<^('tlior Avith bad snrround- 
in.i-s. 

Thero are thf^n three i)oint.s — categories into wliich we 
niav chissifv disease: 

I. Tliose in wliicli th(M'e is a pi-iniary external ab- 
nonnalitv. 

IT. Those in whicli there is a pi'iniary internal ab- 
nornialitv. 

HI. Tliose in Avhich l)otli internal and external ab- 
noi'iualities play a part. 

Sometimes Ave sav that a disease, or a tendencv is in- 

• « 

herite(l or com^cnital. What do W(^ mean l)v tluit ? An 
inhei-ite(l disease^ is one Avliich appinirs in similar form 
in several <»"enerations of individnals of the same familv. 
A congenital disease is one Avliich appears at birth. Snch 
a disease mav l)e therefor(^ also inh(n*it(Hl. 

Inherited dis(^ases are th(^ evidence of sojne i^ermanent 
variation of the c(41nlar correlations of the ])odv, and 
being [)ermanent th(^ vai'iation tends to ri^aj^pi^ar iji snc- 
eeeding generations. A congenital disease is, on the 
otiiei' hand, oftentijnes a temporary vai'iation, or an iso- 
lated exanjple oT disease api)eai*ing at birth. Perhaps 
we shonld be sale in savinu" tliat a cong(^nital a1)normality 
is one which is ac([nired (hiring the inti'anterine period 
ol* life, whih' inherited is a])i)lied to conditions which 
de])end npon ])ennanent changes in the g(^rniinal plasm. 

Su|)pose we illustrate this in tlu^ following ways: 

T. Take an individual who after birth exhibits cer- 
tain alinormalities which were cliararteristics of his fa- 
tlier. and ol* liis grandfatliei'. and great gi'andl'ather. AVe 
wouhl say thai lie was the subject oT an inlierited con- 
dition. Tixkr an example sueli as color-blinihiess Avhich 
is transjnilted t'i-()m geniu'ation to genei'ation, chiefly in 
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the men of a family, or hemophilia, a condition Avhieh 
characterizes *' bleeders." Evidently in these cases the 
fundamental qualities of the germinal protoplasm have 
sutfered a change. 

II. On the other hand, take the case of an apparently 
healthy mother who, just previous to conception, or af- 
ter conception, while the fetus is developing in the uterus, 
becomes intoxicated, let us say with alcohol (alcohol is 
perhaps the best example we can choose). The ger- 
minal plasm (the ovum) or the embryo (fetus) is affcH'tcnl 
b)^ the poison so that after it is l)orn it sliows or d(^- 
velops almormalities which are completely foreign in 
the familv of mother or fatlier. The child is the sul)i(H*t 
of a congenital condition or perhaps dis(^ase. It is ai)t 
to be less stal)le mentally (''n(nn*otic'') than an othiM'wise 
normal child. Its general mental condition is ai)t to l)e 
below the normal av(M*age (deficient), or it may l)e i'ar 
below the avei'age (idiocy, feel)le-min(l(Mlness). ]f such 
a child reaches maturity it mav l)ecoiU(* an alcoholic, and 
tluMi cei'tain ])ersons si)eak of it as having an *' heredi- 
tary ci-aving'' for alcohol, Avhereas it is merely coufien- 
ifalljj nu^itally unstal)l(\ If, again, such a child reaches 
nmturitv, and has children and those childi'en ar(^ also 
mentallv unstal)l(s then w(» nuiv sav that tlun' show an 

• • • • 

hereditary taint, or h(4*(Mlitarv mental instal)ilitv. 

Perhaps a mothei', during the ])eri()d of gestation, ])e- 
comes infected with one or another disease. ]f the child 
at l)irth has the same disease, that disease is congenital, 
not inherited. The inf(M'tious dis(^as(\K are not luu'edi- 
tary, wlu^ther \v(^ s])eak of sy])hilis, gonorrhea, tubercu- 
losis, or measles. On th(^ othei* hand, disiuises of th(^ 
motln^r which do not directly affect the child in utero 

« 

may ni*()duc(^ inmuniitv to the maternal diseas(*s, and so 
W(^ have conii-enital innnunilv lo disease. If the condi- 
tions which produce innnunity affect permanently the 
U'erminal tissues, hereditnrv innnunitv mav result. 



C^HAPTEli TIT. 
THE CAUSES OF DISEASE. 

li(\i»"ar(ll(\<s of wlictluM- the l)asis of disc^asi^ rests on in- 
trinsic 01* extrinsic valuations, v/c can divide tli(^ canses 
into foni* ii,reat i»i-ou|)s: namely, physical, pliysico-clu^m- 
ical, clieniical, socio]o.i»ic. These Ave will discnss in tlie 
order in which thev hav(^ Ixmmi nauKHl. This classifica- 
tiou is of conrse ar1)iti'ai'v, and is made foi* conveaiienci^ 
sake, for, with few exce})tions, all ijijnries pi'odnce chem- 
ical damai»,(^ within the l)odv. 1'hat is to sav, thev lead 
to internal disordei-s of a chemical natnre in the absence 
of which they wonld be of little or no im])()i'tance, so far 
as the life or death of the whole organism is concerned. 
A cnt or a I)ruise is ol* i*elatively sjnall im[)ortance nn- 
h^ss iid'ection occnrs or sevei'e hemoi*rha,i;'e takes place. 
In the lii'st instance, the tissues are ])re])ared for the 
.growth of bactei'ia: in the second, the tissues do not rc*- 
c(Mve an adecjuate supply of oxviicn be(*anse the oxygen 
carrvim;' matei'ial of the blood has Ixmmi lost. 

It is of course evident that the mechanical and ])hys- 
ical causes of disease are verv commonlv i)i*imai-v, Init 
it is the secondary effects which are of greatest signifi- 
cance. The syni])toms of dis(^ase following JUiH'hanical 
oi' physical insults ai*e the (^\pressions (I'o]' the most 
part) of these secondary effects. l>otli pressure and ten- 
sion a;'t in producing variations in the nutritive activities 
of cells, and no matter \\hether tlu'se forces are exerted 
u])on normal or abnoi'nial cells, tissues or organs, 
ciningj's aiM' inaugurat(Ml which ('X}U'ess themselves in 
\ai-i<)us directions, such as hyjxM't ro|)li\", atrophy, degen- 
<'rati()ns, or necrosis (of which nioi'e latei'), which ai*e 
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tlio results of interlVreiieo with nutritive (elieiuical) ac- 
tivities. 

Adaini: l^rinci])les of Pathology. Pliila., 11>10. 
Aschofl': Patholooische Anatoinio. .Teiia, 191."l. 
]Jn('.V('l<)j)a'(lia Britamiica: Articles on ' ' Patliolo^y." '^Hoaltli'^ and 

''Disease." 
I'enibrev and Pitcdiie: (xc^ieral Patholojiv. Xew York, 191o. 



Physical Causes. 

The ])hysieal causes, as we shall .i^'i'ou]) tlieui, arc^ ])re- 
(lominantly niechaiiieal ones, and tlieii* effects are spoken 
of as traumas (or traumata). In this .<;i*ou]) ai*e (1) 
]n*(^ssure, (2) tension (or strain), and (o) copjhinations 
of ])ressure and tension. 

It nmst l)e evident to ev(M*V()ne, even it* he lias onlv 
a l)utcher-sh()]) acciuaintance with aiu\tomy, that ])ressure 
is an important factor in ])r()ducin<>- the charactcu'istic 
form of ()r.<;ans. One need only mention the lun^s, the 
])rain, the liver, to call attention to this factor. AVere 
it not tor th(^ ])ressure e\(M*ted upon solid ()r,<>ans tlH\v 
would ])i-()l)a])ly all ])e round. This is illustrated in the 
case of accessorv s])le('ns and livers which are not lirmlv 
attached, hut hani»' moi'e or less loosely in the hody eav- 
itv and which ai*e alwavs round, (luite unlik(' the larger 
tixed ()i*.i;"ans. TIk^ mai*kin^-s (grooves) on the surfaces 
of hones made l)v hlood vessels, the verv surfaces tluin- 
s(dv('s, arc ('xam])K's of similai* eff(M'ts of noi'uial pres- 
sures on nornud origans. 

In the cate.i^ory of ])henomena resultini»- from ahnor- 
mal r)i-essui*es on noi-mal organs, there are manv evcrA- 
day illustrations. Amoiii;" them ar(» corns, callus(»s, in- 
.i»"r()win,Li,' toe nails. In former times, the days of ti.^iit 
lacing', the Axcird corsetdivei* A\as not infrecpient. More 
impoi'tant than these ehani^'es in form, are the symptoms 
])ro([uced ])y pressures, symptoms which indicate inter- 
ference witli function. In this connection one recalls 
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tlic '\t;'()iiig-t()-sl(H'p" (aii(\stlu'sia) of a foot from pres- 
sure upon a nerve trunk; tlie lieadaelie caused by a too 
ti,i>'lit collar: the l)e(l-sores ((l(H'ul)itus) and **j)ressure 
spots" on the l)acks of l)ed-ridden patients; the swelling 
of the f(*et and appearance of varicose veins from tight 
.2:art(U's. Also, in this group ])elong the erosions of bone 
caused l)y the intermittent pressure of aneurisms, the 
blistering of the hands ])y unusual manual work; the 
sjuothering (asphyxia) l)rought about by the pressure 
of tumors on the trachea ; the difficulty in swallowing 
(dysphagia) caused by p]-essur(» upon the esophagus, 
and, an extremely frecpient occurrence, the app(^arance 
of hemorrhoids (piles) from internal i)ressure in the 
bowels (constipation). 

AVhen norinal or abnoi'uial ])ressures act upon ab- 
normal oi'gans, the consequi^icivs are often still more se- 
vere. In this group we note the curvatures, — exemplified 
in knock-knees and bow-legs, — in rickets, as well as the 
si)ontaneous fractures oC bon(\s which have been affected 
l)v T)rimarv diseases of the Ixme. In these the bones 
are so weakened that even norinal pressures warp and 
bend them and even cause them coinpletely to give Avay. 

Internal p]'essur(\s (distention) also produce, not 
mei-ely changes of form l)ut also, symptoms. A too 
great ((uantity of l)lood Avithin the heart einbai'rasses it. 
An accumulation of fluid in tlie ventricles of the brain 
causes a gi'adual disa])])earance (atrophy) of the brain 
substaiic(\ caught as it is between the fluid and the l)ony 
skull. 

The effects of pressures de])end largely upon the dur- 
ation and coiitimiity of action. (\)ntinuous ])r(\^sure of 
mode]*at<' or extr('m(^ intensity may ])r()dnce d(\ath (ne- 
ci-osis) of tissne while one of great inl<'nsity, acting in- 
tei'niittentlv, mav ])r()(hice onlv growth of tissue ( livi)!^'- 
tro])hy) as in calluses. ()))\'i()usly the continuous ])res- 
Mii'es are of most serious import. 
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It must be apparent that the place of action of a phys- 
ical force and the character of the ag'ent must be im- 
portant items in considering^' the effects of a trauma. 
An incision made with a clean sharp knife may be of no 
more than very transient importance and may have no 
appreciable effect upon the economy provided it does 
not open a lar2,e vess(4 or injure a vital organ. A lacer- 
ation produced by a dull dirty knife is more serious. A 
clean punctured wound may do no essential damage or 
it may cause death. A l)lack (»ye (contusion) is rarely 
of importance, while a lacerated contusion is more iin- 
mediately serious and potentially dangerous. A con- 
cussion may l)e either temporarily or permanently evil, 
depending upon the degree of force and the condition 
of the organs which are affecti^l. 

All these types of (huiuigc (traumas) produce tissue 
destruction. Disorganized tissue is an excellent culture 
medium, and so, since bacteria ar(^ constantly preseiit on 
and i]i the skin, and frequently in the l)l()()d, traumas 
t(Mid to be complicated by infections, iloreover traumas 
may lead to dislocations of cc^lls, and such cells growing 
and reproducing in abnormal ])ositi()ns may produce 
tumors. 

Tension produces fre((ueiit disordei'S, soine of tlu^m 
of consideral)le significance, some of tluMU i-arely even 
recognized. Physiologically sti'ain is the im])()rtant 
cause of strengthiniing of the (il)i'()us unions of nuiscle 
and bone. It accounts in a large measure for the pres- 
<^nce of the tubca'ositic^s and otlicu' points of attachments 
of muscles. How it (1()(\< this, is not defmiti^lv uudcn*- 
stood, but it is possible that the stretching of th(» tissues 
acts as a stimulus to tlu^ c(41s and so thev mak(^ better 
use of the normal supply of food, or that intermittent 
application of the force increases the supply of food 
(blood) carri(Hl to tlie cells, nmch as happens during 
massage. 
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Th(' effc'C'ts of s('V(M-(' sti'aiii ai'c av(*11 known in sprains 
ol* various sorts, as woll as in tlio loss sc^voro strains. In 
{]w latt(M' tli(^ to]i(lons or tlioir attaehnionts ar(» but mod- 
oratoly (la]na,i;(Ml. In tlio loi'inoi* thoy ai'o ()rt(4i rup- 
tured. In the caso of nuiscular strain, wliotln^r of the 
skeletal muscles oi' of the eve nniseles — foi* instance, eve- 
strain, fatigue is produced, Avith subsequent loss of 
])()wei-, and even ati'()])hy or wastin<»;. 

Physico-Chemical Causes. 

In this .i>i-oup we (l(»al with such infhuMices as atnios- 
])heric ])ressure, (4(K'ti*icity, x-rays, radium, light and 
lii^ht Avaves, heat and cold, all of which are physical 
ai>-(Mits which produce both ])hysical and chemical changes 
in th(^ bodv, but of which the cluMuical effects are most 
im])ortant. I'hey form a boundai'y group of influences 
standing l)(4\v(M'n the more purely ])hysical and the more 
l)urely chemical, in some instances tlu^ distinction is 
very little evident, i^'or instance, the (dTects of sudden 
changes of atmospheric ])ressur(» such as occur in cais- 
son disease are (juite differc^nt from those of the grad- 
ual changes which occur when a ])ers()n go(\< fi'om one 
al'itude to another, in the iii'st instance, the blood ab- 
so!-l)s moi'e than a noi-nial amount of atmospheric gases 
(oxygen and nitrogen chiefly), and this, when the pr(\s- 
sui'e is su(hhMilv removed, is set free in th(^ blood and 
the l)ubbles of gas ])lug the small blood vessels. The 
phenomenon is (piile similar to that ol)se]*ved in uncork- 
ing a soda watei* 1)ottle. In the lattei' cas(\ the decreas(^d 
pi'essuic apparently acts as a stinmhmt to the blood 
])roducing organs, and this results in a lai'ge numb(4* of 
blood cells. 

l^lectric cui'i'cnts act upon the tissues of the l)ody much 
as tli(\v do upon materials in a test tube. .\ current 
])assed Ihrough a solution is modilie(l so that certain par- 
ticles ])ass to one ])ole A\iiile others pass to the other 



(» 



t t 



; I 



(U/i 



■ ( \ 



THE CAUSES (3F DISEASE 31 

(ions; (4(H*tr()]yti(' dissociation). In th(^ body a similar 
])r()e('ss occurs only it is more com])l(»x. When such dis- 
sociation affects int(Misivcly such parts of tlic ])ody as 
the respiratory center, d(*ath is immediate. 

The method of action of tlu^ x-ravs and radium we do 
not undin'stand. l)e])endini»-, howevcM*, upon tlie time of 
exp()sur(^ or the intensity of the rays, |)erhaps also upon 
the ((uality of thc^ rays (the pr()])orti()n of al])ha, l)eta 
and <>'annna ravs) cells mav eitluM* ])e destroyed and so 
produce x-i-ay or radinni l)ni'ns, or may un(hM\i>() hy])er- 
ti'()j)hv, and ultimately i>"ive rise to x-rav cancel's. 

liii>"ht ravs are antagonistic to life if thev ai*e snfti- 
cieiitlv c()nc(Mitrat(Ml. PiVen diffnsed li^ht is hai'nd'nl to 
some forms of life. This is especially true of certain 
of the lowei* forms of life, ])articularly of the bacteria. 
It is ]iot trne oi man. 

Li<>'lit is undouhtedlv a stinmlus to the chemical ac- 
tivities of cells, jnst as it accelerates many chemical ]*e- 
actions outside the body (silv<M- salts in ])hoto,i»ra])hy), 
and it mav be trne that lii»lit is moi'e destrnctive to the 
bacteria becanse it is able more readilv and thoron^hlv 
to ])enetrate their Ixxlies and so start processes which 
result in self-destruction. In the lar,i;"e oi-.i;anisn)s, such 
as man, ui-owth is favored by li,i»iil. Metabolism is ah- 
normallv slow in darkness. ('hil(lr<'n of the li^ht are 
])hysicall\ lar,i;"ei' than **basement children." Tlie^e ef- 
fects a]*<' in part dne to the heat prodncini;" i*ays ( i-ed 
and infra-red); in pai't to the stimulant rays (vioh^ an<l 
Tdti-a-vi()l(4). 

We know better the effects of tli<' heat producing' rays. 
We know the r<M|(lenin,i;" of the skin with the snl)se(jucnt 
soreness and blisterinu' ( \'esiculation, sunburn), and the 
also subse((uent increase of ])i,u'ment in the skin (i)i,U'- 
inentation, tannini;). We also know tln^ condition calle(l 
snnsti'oke (insolation). Sunstroke is a condition which 
is cansed indirecth ])\ the action of the red and infra- 
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red (lieat) Avavos of light. It is tlio result of insuffi- 
cient eliuii nation of heat fi'oin the hod v. AVhen the body 
retains its heat, the ch(^mical proeiv^ses Avithin it are ac- 
eeleratcnl, exactly as the cluMuical processes in a test 
tube mixture are hastened bv waving over the flame. The 
result of this is that j^oisonous products of metabolism 
are more rapidly ])roduce(l than at normal temperature, 
too rapidly to be excreted, — and the body suffers. If 
the heat of the bodv is not so extri^me and if its action 
is s])read (mt over a longer time, the organism loses wa- 
tei', by perspiration, in abnormal amount, and so the 
main solvent of the substances in the bodv is lost to an 
extent that the ])oisonous products of metabolism accu- 
juulate. This ])ro(hu'es heat (exhaustion. 

Heat produces the (dfects which are generally known 
as burns. In the case of a slight burn (I)urn of the first 
degi-ee) the skin is rinldcaied, swells, and is painful. If 
the l)ui*n is slight and the action continued for some time, 
the skin is apt to become pigmented as in sunburn. If 
the burn is of a more severe character, the skin is not 
merely rechleiUMl, swollen m\d ])ainful, Imt shows the 
])i-esence of ])listers, lai'ge or small (Imrns of the second 
degree). If the burn is still more severe the whole thick- 
]iess of th(^ skin may he affected. It is killed (undergoes 
necrosis) by tlu* lu^at ; the protoplasm of tln^ cells and 
oi' the l)lo()d is coagulated, and the dead tissue sloughs 
away and leaves ulcers (burns of the third d(\gree). In 
still moi'e severe cases the skin is chai'i'ed (carbonized) 
and we speak of bui-ns of the fourth degree. 

I^he (dTects of l)urns upon the whole organism depend 
upon the extreuK* pain, the ahs()r])tion of dead materials 
I'roni the* skin, the inflection of the hui'Jied ai*eas, and the 
forination of disliguring scars. 

The effects of cold ar(\ in some res])ects similar to 
those caused by heat. That is to say, cold may produce 
death of tissuc^s bv blockinu' the blood vessels. In se- 
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vere cases this is brought about by rapid thawing of the 
frozen tissue. In the course of freezing the water of 
the tissue solidifies in crystalline form, in other words, 
it is partially separatc^d from the rest of tlie constituents. 
. T;, During rapid tliawing tlie water is set free and not 

'!:>; enough time is given it to reunite with the otlier sub- 

stances. Tlie result is blocking of the blood vessels and 
death of tissue. 
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Chemical Causes. 

Tlip l)0(lv luav l)p affoctcd hx the most various sub- 
stances, some of Avhicli prochice xvvy apparent gross ef- 
fects, as, for instances sulpliuric acid, caustics of various 
sorts: some of wliicli prochice no obvious gross effect, as, 
for instances poisonous gases, and the toxins produced 
by bacteria. Tliese substances poison th(^ body, some of 
thtMu locally, souk* of them generally (intoxication). 
Many of them are ])roducts of living organisms, such as 
bacteria (I)acterial toxins), many the product of unor- 
ganized chemical action (the caustics, acids, organic and 
inorganic ])oisons), and sonu^ of them are the products 
of the l)()dy itself. The fact that some are produced by 
the body while som<' are })roduced outside of it, allows us 
to classify them as exofjenoHs and endof/enous^ while the 
fact that some ai'e the pi'oducts of living bodies, chiefly 
])arasites, aUows us to grou]) them also as pdrasitic and 
noii-pdras/iir. We make, therefore, the following 
schema : 

A. Fntoxications of exogenous and non-parasitic ori- 
gin. 

1>. Intoxications of exogenous and parasitic origin 
(inf(H'tions). 

i\ Intoxications of exogenous and sai)ro})hytic origin 
(meal ])oisoniugs, elc.). 

]). intoxications of en(h)geuous and n()n-2)arasitic ori- 

uiii. 
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In the first grouj) wliicli concerns itself with exogenous 
and non-parasitic intoxications, belong the effects pro- 
duced by the chemical substances, — strong acids, mineral 
or organic, silver nitrate, carbolic acid and the like. These 
as a rule act by killing the ceUs (coagulating their proto- 
plasm) upon which they act. Sometimes, liowever, the 
local action is less important than the general action, or 
the action in otlier organs, than the one ui)on which the 
substance acted primarily. This is true of certain gases, 
for instance hydrocyanic acid gas, which, l)reatlied into 
the lungs, causes death 1)y its action upon the central ner- 
vous svstem. Carl)olic acid likewise, if introduced into 
the body in dilute solutions, does less damage in the gas- 
trointestiiuxl tract than in the kidneys. Examples could 
be multiplied, and may be found in any ])hai*macology. 
Alcohol is the most useful example perha])s, l)ecause of 
its local, general and social effects. It may be useful to 
call to mind the so-called selective action of ])oison()us 
sul)stances, illustrated ])v sti'vchninc^ which aft'ects the 
spinal cord; caribou dioxidi^ which affects the rc^spiratory 
center; and bai'ium chloi'ide which affects the nmscle of 
the blood vessels. 

The second grouj), that in Avliich the exogenous ])ara- 
sitic intoxications belong, is concei'ned mainly with mat- 
ters which are studied in l)acteri()logy. They coinprise 
the infecti()]is, which, though in certain cases the symp- 
toms are due to the i:)resence of the parasites themselves, 
are as a rule the result of the chemical action of the sub- 
stances ela])()rated l)y the bacteria (see p. 41). 

The exogenous sa])i-ophytic intoxications are ones 
caused l)y Avhat are ordinai'ily called non-])athogenic or- 
ganisms. They are the result of ])()isonijig with su))- 
stances ju'oduced by the microorganisms during s])litting 
up of food mat(^rials. Such substanc(\< inv the various 
amines, forjned from ])r()teins during putrefaction. A 
connecting link between this group and the ])i'cvi()us ones 
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are the gastrointestinal intoxications or toxemias, often 
erroneonsly called autointoxications (see p. 149). 

The last group comprises a sei'ies of metabolic disturb- 
ances which are coming to be of greater and greater sig- 
nificance, namely, the disturl)ances which result from im- 
perfect coi'relation of function of physiologically associ- 
ated o]*gans, chiefly those called the glands of internal 
seci*(^tion, or the ducthv^s glands (see p. 53). 

Infection. 

By infection Ave mean the entrance of living organisms 
(l)acleria, ])r()tozoa, metazoa) into the bodies of other ani- 
mals. In certain instances, the j^enetrating organisms 
are conhned to the skin (acarus, itch mites) where they 
live and cause disturl)ances which are largely irritations, 
and Avhich are not followed by the general reaction called 
ijmmmity. In other cases organisms (intestinal worms) 
enter the gastrointestinal ti*act where they live and cause 
disturbances which are, in part, ii'ritative, in part, toxic. 
Evidence of the toxic effects are given l)y changes in the 
sti'nctui'e of the ))lood (eosino])hilia, etc.). In still an- 
otluM- grou]) of cases, the parasites ])enetrate into the tis- 
sues (l)acteria, metazoa) whei-e they repi'oduce and by 
their toxins give rise to local and genei'al effects, which 
i]i some instances are so chai*acteristic that we speak of 
(hdinite dis(*ase. In some such cases tlu^ growth of the 
])arasites in the Ixxly is foHowed l)y imnuinity (l)acterial 
diseas(\<, infectious dis(^ases), in others, it is not (infec- 
tions with such jiarasites as ta])(nvorms, trichina, tilaria, 
etc.). 

Bacteria enter the bodv constant! v, (*V(mi during health. 
Thev also enter the tissues to which tlu^v are carried from 
the intestinal tract or infecttnl tonsils or tcn^th, sometimes 
bv leucocvtes which hav(^ engulf(Ml them, sometimes l)y 
their own activiti(^s. As a rnle (in health) they are de- 
stroyed. AVhen they succeed in living and nudtiplying 
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tliey cause infectious diseases, tlie synitoms of which may 
])e due to mechanical effects, sncli as plugging of vessels, 
to toxic (cheniical) effects or to both. 

Normally, that is, in the state of health, the hody can 
withstand tlie attacks of its bacterial foes, but a damaged 
body is not so resistant. For instance, it is well known 
that bacteria are conmionly present, not only on the skin, 
but in it and yet these bacteria do but little (himage. But 
after a cut or a l)ruise, *' festering" is quite coimuon. Of- 
ten this is due to l)acteria introduced during the cutting. 
Often it is due to the l)acteria of the skin Avhich ai'e al)le 
to grow in damaged tissue. ''Stitch a])scesses-' arise in 
the same way. A person with a normally acid gastric 
juice is infected with diflficultv Avith cholera. But let 
him neutralize the acid juice with alkali and then he l)e- 
C()m(\s very susceptible. In many conditions (for exam- 
ple, after using alcohol) the gastric contents are neutral 
or alkaline. 

But l)eside such things, the resistance of the body de- 
pends upon many other factors, such as species, age, phys- 
ical condition, nutritive conditions, on the one hand, and 
upon the viruh^ice of the bacteria on the other. Tn l)rief, 
infection is determined l)v the relative virulence of the 
infecting organisms. 

What is ol'ten calhnl predispositioJi to infection is a real 
enough tiling j^^rovided we use the term l)roadly. ''Pi'e- 
disposition to tubiM'culosis'' is however not a valual)le 
phrase. An individual who is little i-esistaut to infection 
is prone to acquiix* the frequi^it diseases, i. e., those fi'om 
which many of his fellow beings are infected. The op- 
])ortunities for infection with tubercuh^sis are k^gion. 
''Predisposition to tuberculosis'' then is no more than a 
lack of resistance on the part of the individual to many 
i]ifecti(ms, cou])led Avith multipli(Hl c.vposiifon to tuber- 
culosis. The factor of exposition is pro1)al)ly the im])or- 
tant one in the notable incidence of certain diseases in 
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children at tlie time when tliey be^in to creep and to be 
handed from relative to relative. They begin to be ex- 
posed more systematically to infection. In creeping they 
soil their hands, and every ol)ject of interest is carried 
to the month for ex])erimentation. They are kissed by 
every chance acqnaintance. Tnbercnlosis is freqnent in 
childi'en in the eai'lv vears of life. 

Snscei)tibility to infection is another matter, and de- 
X)ends npon presence or absence of inmninity and npon 
the relative^ resistance of the l)odv, Avhich latter niav be 
loweivd by varions effects, snch as fatigne, hnnger, cold, 
intoxications (esi)ecially alcohol), by previons infections, 
and bv secondarv sinmltaneous infections. 

Limmmitv resnlts from the al)ilitv of the cells of the 
l)odv to chemicallv lix or modifv toxic snl)stances which 

• • • 

are bronght to them by the blood, and is a quality wliich 
is sometimes inh(M'ited. It niav also be the resnlt of the 
inability oL' the cells of the bodv to make anv nse what- 
ev(n- of tlie toxins. 

Tlie effects of fatigne, hnnger and cold are frequently 
seen in cases of *' taking cold' ' [nasal infections (coryza) ; 
jnieumoniaj. 

Tlu* effects of intoxications we have alreadv called at- 
teiition to in si)eakiiig of alcohol and cholera. 

The effects of ])revi()ns infections are seen in cases, 
which, having had measles, develo]) tnl)ei'cnlosis or pnen- 
]iionia: of simultaneous iutVction as to the api)earance of 
tul)ei"cul()sis during who()])ing cough. 

l^ocal inlVctions j)r()(lu('e local iuilammation (l)oils, ab- 
scesses, fui'unculosis). (ieiuM-al infections (bacteremia, 
M'])ticejnia) ])roduc(' gejuu'al (effects, such as various types 
of tissue degen(M*ati()ns, fever, and other disorders of met- 
abolism which are gr()upe(l under the term, the effects of 
iiifo.i'icdf loiis. 

Certain infiM/tive agents I'eniain localizinl ajid produce 
general effects hy means of soluble toxins (diphtheria. 
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tetanus) which effects we refer to toxemia as opposed to 
septicemia. 

Sometimes bacteria localized at first, enter the blood 
stream and form new foci of growth as in furnnculosis. 
This i:)rocess of distribution from a primary focus we call 
metastasis: the condition is often called pyemia, or sep- 
ticopyemia. 

In latent infections, the bacteria remain in an inactive 
state in the tissues (tuberculosis). 
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Sociologic Causes of Disease. 

Very ]K)ssibly it will seem strang'e and out of place 
in a volume of this sort to even mentixm social surround- 
ings as a factor in disease. Xevei-theless there is very 
proba))ly no more ini])ortanl asi)ect of disease than the 
social. The charactei* of associates, ])arents, and rela- 
tives; the formation of habits because of s])ecial associa- 
tions; the growth of imitations of otluu' indiviihials; the 
character of instruction in educational institutions; and 
the possil)ility of pei'inaiu^nce of early iinjn-essions re- 
ceived in the juveiTde or even in the infantile i)eriod of 
life, — all are entirelv Avortliv of the [ittention thev are 
only beginning to receiver Ft is in this field tliat the a])- 
plication of ex])ei*imental ])sycli()l()gv is l)eginning to 
prove of the utmost value, and it is here that medicine 
ap])ears as a territory standing betAvtMMi sociology and 
normal ])sych()l()gy. Tn this i'nAd the l)enefits of ])rev(4it- 
ive medicine will, in the future, l)e as striking and as val- 
uable as tlicA^ have sliown tli(^mselv(\< to b(^ in th(^ 1x4- 
ter known and ]XM*ha])s moi'e obvious lields oi* hygiene. 
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It will perhaps be discovered that what we call heredi- 
tary, in certain and very freqnent instances, is not that, 
bnt is in realitv social in a broad sense. The most valna- 
ble materials for the stndy of these sociological factors 
in disease are to be fonnd in the records and reports of 
the Hospital Social Service Associations and in such vol- 
umes as Cabot's Social Service and Art of Healing, the 
Journal of Abnormal Psychology, and the like. 

There are, beside the above mentioned aspects, others 
which are associated with industrial surroundings. In 
this group belong the subjects of industrial poisonings, 
vocational morbidity and mortality, and diseases of oc- 
cupation. One thinks in such a connection Avitli the al- 
lied problems of vocational guidance Avhicli are ones deal- 
ing, in part, at least, with the placing of individuals in 
industries, or divisions of industries, suited to their phys- 
ical and mental make-up, for it is obvious that a person 
may be either physically or mentally harmed if he is 
placed at work for which he is not fitted. AVith this is 
again associated problems of the effects of fatigue as in- 
lluenced by interest and pleasure, as well as those of 
mental retardation, and deficiency and moral delinquency. 
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Intestinal Intoxications. 

''J'he term int(^stiiial intoxication is one which has, at 
th(^ present time, mor(^ clinical significance than patho- 
logic. To the clinician the term means a series of symp- 
toms which are associated with gastroint(\<tinal abnor- 
malities of almost any kind. It is a iovin which occupies 
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a place similar to that held, in the iiiiiuls of many, by 
neurasthenia. In other words its significance varies with 
the physician or surgeon, and perliaps the point of view 
of the individual clinician is hased upon his belief that 
the symptoms are due to the following: 

1. The toxic effects of poisonous substances produced 
in the intestine and thence al)sorbed into the svstem. It 
may be said that this is a possibility although there is 
no definite experimental evidence. It is true that in the 
process of digestion of foodstuffs, esi)ecially the ju'oteins, 
that jDoisonous materials are produced. These however 
are as a rule neutralized or inactivated bv chemical com- 
biimtions in the tissues during the process of absoi'ption. 

2. The toxic effects of poisonous substances ])i'oduced 
bv bacterial activity in the intestiuc^s. Such substances, 
for example, the ptomains, are (\\tremely toxic. The 
amines also are exceedingly active ])()is()ns, and such aro- 
matic substanc(\< as indol and skatol have been credited 
with grav(^ disorders. As a rule, ho\vev(U", these sub- 
stances are pi'oduced in too small amounts to Ix^ serious 
menaces, or, like indol and skatol, are chemically com- 
l)in(Hl, inactivated and excreted. It may, however, ha])- 
])en that in occasional instances, as in ptomain ])oisoning, 
such sul)stances found c()m])k4ely without the body, are 
introduced in sufficient amount to ])roduce disease. It 
may also hapiien that chemical coml)ination does not oc- 
cur in the bod v. 

3. TIk^ sym])toms may be due to tlu^ action of endo- 
toxins or exotoxins of the intestinal bacteria, which mav 
be found within the intestinal canal and fi'om there al)- 
sorbed. 

4. Th(^ symptoms may Ix^ due to the ])enetration of 
bacteria themselves which gain (Mit ranee to the tissues 
from the intestines. 

As a rul(» the eff(M'ts ])i*oduce(l ))y tlie factors men- 
tioned in grou])s ] and 2 cannot be se])aral<Mk nor can 
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tlio.se indicated in gronps 3 and 4, l)eeause in the first in- 
stance bacteria are constantly present in tlie intestines 
and carry on their work of si3litting the foods Avhile the 
normal ferments are carrying on theirs, and, in the sec- 
ond instance, toxins are absorbed from the intestinal 
tract and canse changes in the organs, Avhile in occasional 
instances, the bacteria also enter throngh the Avails of 
the tract and are engnlfed bv the cells of the tissues 
Avhere the endotoxins are set free and there they produce 
their pathologic effects. This is ilhistrated in the severe 
clinical complex called fi/phoid fever. In many cases of 
intestinal intoxication tlie symptoms are produced by or- 
ganisms Avhicli are of less pathologic sigiiihcance, for in- 
stance, the colon bacillus, and perliaps other bacterial 
forms. To such conditions Adami applies the useful 
term snh-infection, 

Adami: ]*riiicipl(.'.s of natliolo.uy. 

Adami: (Miroiiie lnt<'stiiial Stasis. Brit. AUmI. .lour., Jan. 24, 1914. 
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Woolley: Intestinal Stasis and Inti^stinal Intoxications: A (^ritical 

Peview. Jour. l^ab. and (Min. Aled.. 191'), i, 4-1 (Literature). 



CIIAPTEK IV. 
DISTURBANCES OF METABOLISM. 

Bv metabolism we mean the sum of the chemical 
changes taking i:)laee in tlie tissues of an organism. One 
phase, wliieh is concerned with ingestion and assimila- 
tion of food materials is known as anaholism. Tlie other, 
concerned Avith the breaking down excretion and elimina- 
tion is known as kataholism. 

^letabolism is modified in either or both its i)hases by 
the quality and the quantity of the food, and also by con- 
ditions within the bodv which in(hience the cells and tis- 

« 

sues in such a Avav that thev ai*e less abh^ or more al)le 
than normal to make use of food. For instance, the quan- 
tity of food which is necessary to keeij the bodv in a nor- 
mal stale of nuti'ition (k'])ends u])on age, nuiseuhir actiy- 
ity, and climate, and ui:)on certain otlu^r condilions some 
of whieli are inliei'ited, some of Avhieh are acquii'ed. Also 
some of tlie individual conditions are transient, some are 
])ei*manent. 

Jt is (juite evid(Mit from superficial ()l)servarK)n that a 
child uses more Food c()in])are(l with ils AvcMght than an 
adult. It is just as (^yident that an old man us(^s less tluui 
an adult in the ])rime oT lile. Tliese vai'iatioiis are de- 
pendent u])on th(^ activities of tlie cells of the organism. 
In the infant and during childhood, growth is ra])id, the 
individiuil is yery actiye, and food is used i-a])idly, both 
for the ])i'oducti()n of h<nd and for the growth of the tis- 
sues. .\s age inci-eases, the activities of cells, and of 
the organism itself, (h^M'eascs, and not only is less food 
necessary, but less food can he utilized. 

It is a mattiu- of e\'(M-v(lav (^\|)(M•ience that llu^ active 

4n 
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23ersoii needs more food (other tilings being equal) than 
he Avho is sedentary. During muscular activity, more 
food is used in the production of heat. In the absence of 
muscular activity, the food that might merely be burnt 
becomes unnecessary, and therefore we may say, in a 
verv general sort of Avav, that the needs of the body de- 
pend upon the amount of muscular activity. Of course 
this is not entirely true but it is sufficiently true to make 
a i3oint of it. The food needs of the body are modified by 
age, and this depends in part at least ujjon nuiscular ac- 
tivity. Thev are also modified by the external tempera- 
ture which surrounds the body. 

Other influences which affect the use to which food is 
13ut Avithin the body are (1) individual differences, which 
are difficult of description for ol)vious reasons, and (2) 
the influence of the ductless glands, which are only noAV 
beginning to l)e understood. It is perhaps true that the 
so-called individual differences are expressions of vary- 
ing activities of the ductless glands. 

AVe all know that some individuals eat very large 
amounts of food and remain slender, while others take 
small quantities of food and become excessively stout. 
In i)art such ])hen()mena depend upon nuiscular activity; 
in part, upon certain not-understood conditions Avithin 
the body Avhich alloAV of storage of large anumnts of 
fats. In some instances one or anotluu* mental type is 
associated with the physical condition. In some cases 
we believe that the internal arrangements within the or- 
ganism are not propca'ly balanced, and in some such 
cases we have reason to believe^ that the derangemc^nts 
are associated with more or less d(^finit(^ lesions, that is 
to say, Avith abnormal activities, of certain of the or- 
gans of int(n*nal s(H*retion : for instanc(% the pituitary 
gland, the genital glands, the thynms, the thyroid, the 
adr(4ials and the pancreas. 

AVhen a person becomes stout, wIumi he incri^ases in 
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weight, it is obviously because be assimilates and bolds 
a larger proportion of his food than he uses up in produc- 
ing heat and other forms of energy. If he loses Aveight, 
it is l)ecause he uses U23 more food than he retains. Some 
individuals Avill do one or the other of these things, re- 
gardless of the amount of food taken. But the normal 
individual who hohls his weight upon a normal diet can 
be made to increase in weight by increasing his food or 
l)y ckK'reasing his nniscular activity. He may also be 
]uade to k:>se weight bv decreasing the food or bv increas- 
ing his activitv. lie will akso lose weight if he is not con- 
tented, if he is worried. Hence, the saying, "laugh and 
grow fat." 

But aside from the question of quantity of food there 
is the \(n'y imi)()rtant factor of the qualitij of food, AVe 
know from our studies in physiology that a normal diet 
must be more or less balanced in its content of protein, 
fats and carbohydrates, salts and water, and we know that 
absence of any one of these constituents will i)roduce 
greater or less change, or even damage to the organism, 
depending u])on the length of time the lack is continued. 

So much for the general external conditions of meta- 
l)olism. Beside these there are tlie genei*al internal con- 
ditions of metal)olism which have l)een touched ui)on in 
the seclion on Intestinal Intoxications. 

We know that during metabolism many substances are 
formed within the body — in the cells, and given to the 
blood — which if they were i:)ermitted to remain unmodi- 
fied in the body would be extremely i)oisonous. AVe know 
that as a rule these sul)stances are disix)sed of by excre- 
tion in the urine, feces, sweat, etc., usually after they 
have been chemicallv combined in such a wav as to make 
them physiologically innocuous. AVe also knoAv that cer- 
tain — i)erhai)s all — tlie cells of the l)ody i)roduce sul)- 
stances (internal secretions, — hormones) which serve a 
physiologic purpose, but which also, when tliey are pro- 
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diiced in more than normal amounts, lead to serious dis- 
orders, it will be ol)vious that if such substances when 
produced in normal amounts serve a physiologic jnirijose, 
then the body Avill suITcm* as it is not supplied Avith ade- 
quate amounts. Here tlien, as in the case of food, we 
have disorders due to too nuu'h, and too little, internal 
secretion. 

Tliere is a final possil)ility that abnormal substances 
may be formed Avithin the body, as a result of i)revented 
activitv of the cells. As a rule such substances are not of 
serious import. 

It appears tluit disturbances of metabolism are the re- 
sults of interrui)tions in the chain of i)hysiologic trans- 
formation of foodstuffs and that these interru])tions are 
the results of modifications of cellular activities which 
are, exce])t in rare instances, the results of variations in 
the environment of the organism which result in certain 
instances in what we call hereditary, or congenital, indi- 
vidual differences. 

According to the foregoing remarks, pathologic condi- 
tions the body nuiy result from the following: 

1. Failure of elimination. 

2. Failure of one tissue to make physiologic use of the 
products of metal)olism of other tissues. 

*]. Failure of chemical coml)inations. 

4. Fxcessive 2)roduction of otherwise i)hysiologic ma- 
terials. 

5. Insufficient production of otherwise physiologic 
materials. 

6. Combiiuitions of two or more of the pi-evious fac- 
tors. 

During metabolism, the constituents of the tissues are 
broken down into simplei* com])oun(ls, many of which are 
acids. Jn the presenc(^ of a sufficient su])])ly of oxygen 
these acids are 2>i'<'-^^'ut only transi(^ntly and are rapidly 
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decomposed or coinl)ined, and so become liarmless. In 
the absence of a sufficient suj^ply of oxygen they j)ersist. 
AVhen this hapi:>ens a condition arises which we call acid- 
osis. 

Acidosis is present in greater or less degree in dial)etes, 
anemia, starvation, inanition, and cachexia, fatigue (nms- 
cular or mental), following anestlu^ics, during pi'eg- 
nancy and fevers, and in uncom])ensated cardiac and re- 
spiratory diseases. 

In certain abnormal circumstances, a condition of acid- 
osis is associated Avith certain acids, j)articularly those 
belonging to the group of amino-acids. Such conditions 
are uremia, echimpsia, acute yelloAV atrophy and chloro- 
form necrosis. 

Anomalies of Metabolism. 

Anomalies, as we usually use the Avord, are varia- 
tions from normal which have no detrimental effect ui)on 
the organism. In the realm of the anatomic Ave speak of 
the presence of six fingers, or six toes, for instance, as 
anomalies. Thev inteifere not at all with the health and 
life of the organism, although they may l)e inconvenient. 
In the same Avay, Avhen we si)eak of anomalies of meta- 
bolism, we mean chemical i)henomena as they occur in 
the organism which, though they do not appear in the 
perfectly normal individual, yet do not act to the essen- 
tial disadvantage of the organism. Such anomalies are 
alkaptonuria, cystinuria, pentosuria. The former is char- 
acterized bv the exci-etion in the urine of a subslance 
(homogentisic acid) which nornuilly is not present in the 
urine. I"})()n exposure to the air and light such ui'ines 
become quite dai'k in color, even almost black, (^vsliiuiria 
is characterized by the excretion in the urine of a sulphur 
containing material called cystin, which can b(^ r(H*ognized 
l)y the microsc()])(\ Pentosuria depends upon the excre- 
tion in the urini^ of a ])entose, a sugar, which may be rec- 
ognized by chemical ni(4liods. 
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Somewhat analogous to these conditions is albinism, in 
Avhieli the body, even the hair, api:)ears to be completely 
devoid of pigment. The causes of this lack of pigment 
Ave do not know. 

High Temperature. 

I'lie regulation of the temperature of the body depends 
mainly upon two factors — physical and chemical. The 
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physical factor has to do with heat eliminati(ni and is 
largely l)ound up with the circulation and secretion from 
the skin. The cliemical factor has to do with heat i)roduc- 
tion within the body and is an affair of combustion (ox- 
idations) of foodstuffs within tlu^ l)()dy. If heat produc- 
tion rises without a corresponding activity in the organs 
of elimination, the body temperature rises. The body 
t(Mnp(M'ature tlu^refore depends upon tlie balancing of 
heat pi'oduction and heat elimination. 
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Every activity of the body increases, temporarily, its 
temperature. Muscular exercise is especially active in 
this respect. During exercise more fuel is burned, and 
more heat is i:)roduced and nuist be eliminated, and so the 
blood vessels of tlie skin diUite, the face is flushed, and 
perspiration is increased. In this Avay heat is eliminated 
from the body and the temperature tends to keep its nor- 
mal level. Dui'ing such work, the rectal temi)erature may 
reacli ^)8.^)^ (lOI"^) without any evidence of discomfort. 
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l-'ig. ,v— kc-mittciU fc-vcr. 



It is 2)robabh^ tliat the normal tem])erature curve owes 
ils form to the enVcls of rest and activitv. 

Even after a heart v meal the tem])eratui"e mav rise to 
a slight (h'gree. Hot and cohl drinks of course modify 
the tempei'ature. 

^lore im])orlant jxM-liaps than any oilier facloi's than 
exercise, are extei'ual tiMupcM'ature, humidity and bree/e. 
These infUuMice heal elimination chi(^(lv for verv ol)\'ious 
reasoiis. It* Hie temp(M*atu]'e sui-i'onnding the hody is 
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liigli, less heat can be given off in a unit of time and so the 
body temperature tends to rise. This is especially true 
if the humidity is high, for the moisture on the surface 
of the body will not evaporate rapidly and so the cooling 
effect of evaporation is lost. Tf, on the other hand, a 
breeze fans the body, evaporation is more rapid. It has, 
for instance, been shown by workers in the tropics that 










]'\g 4. IiitenniltciU fever. 

the effect of even light breezes may counteract the other- 
wise ahnost intolerable heal of the glariug days. 

Xow, inasmuch as temi)eratures as high as 38.8' (101°) 
may be considei*ed as falliug Avithin physiologic limits, 
and inasmuch as the normal range of ])ody temperature 
in a healthy person lies between 9().S (36 ) and 99.5'' 
(37.5"), and inasumch as these upper figures are some- 
times called fever temperalun^ we wish to know Avhat 
*'f(*ver'- is. Perhaps we might say that fever is a condi- 
tion of almormal temperatun^ variation dnring which the 
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mean teini)erature of the body is raised. Tlie mean daily 
temperature is a1)ont ol"" (98.6 ), or Ave may say tliat 
*' fever is a term to include all couditions in Avliieli the 
normal temperature of the animal hody is markedly ex- 
ceeded for auy length of time." 

But fi^ver relates to more than tempei-atui'e alone. 
The i)ersou who works, physically, until liis temperature 
reaches 101 (08. 1)) do(^s not fe(^l any discomfort. The 
])(M'S()n Avlio has a fever of 101 ())8.!)'') does 1\hA discom- 
fort, '"^riie eh^vation of the t(Mnj)(M'ature of the body is 
one of the usual si<;'ns of feviu*, but is not an essential one. 
As a matter of fact, fever as a rule is the result of infec- 
tion by bacteria, and is a complex thing, associatiMl with 
chills, lu^a(hu*hes, feelings of malaise, nausi^a, vomiting, 
pains in tlu^ limbs and nuiscl(\<, dizzinc^ss, and often with 
a rise of tem])erature (])yrexia). It is quite different 
in all its a])p(*arance fi'om the rise of teni])eratur(» (hy- 
pei'thermia) caused by external heat (sunstroke — insola- 
tion), lesions of the nervous system, and ])ois()n(ms drugs. 

Jn speaking of the tem])eratur(^ during fi^viu*, the fol- 
lowing terms which are sometimes used, are illustrative: 

sri-ht fever UX). -lOl.lL^" F. ( :5S-:',S.4 i\). 

ModiM-atc fever lOl ..T-KuMi-' F. (."IS..") -;5SI ('.) in the iiioniinn-, risiiio- 
to 10.'). 1 ' (Ilil.T) ) in the ev«'!iini;\ 

('onsi<leia]>le fever lOIJ.P C.^..! ) in the morning-, and KH' MO") in 
the eveninf,^ 

Ui.uh fever lO.'J.l^ Clil.o ) in tlie iiK.niin--, and lO-Li)^ (40. .1^) in the 
evening. 

TfyjxMjiyi'exia U)7.<P (42 ) or nioi-e. 

Fever is divided into three stages, th(* initial or pyro- 
g(Miic stage; the fastigium or fastigial stages and the def- 
ervescenci' or defervescent stage. 1Mie first stage iiiav 
b(^ slioi't or long; an hour or two — malaria, or lasting one 
or sev(M"al davs as in tv])lioi(l. The second stage mav b(^ 
verv brief or vei'v long. The third stage also mav b(^ 
([uite short (crisis) oi' tlu^ fall of tem])eratu]'e may occur 
gradually (lysis). 

A coiif'nvfcd fever, as one in which the (hnily tem])(M'a- 
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ture changes, although they occur at a higher level, are 
little or not at all greater than in health. (Typhoid, pneu- 
monia.) 

A remittent fever is one in which the temperature 
changes are exceedingly irregular, and during its course 
the normal line may be touched (suppurations; pyemia, 
tuberculosis Avitli secondary infection). 

Intenn'dtent and reoirrent levers are characterized bv 
series of initial fastigial and defervescent stages as in ma- 
laria, rela])sing fever, etc. 

In the iirst or initial stage, the imtient comijlains of 
cohl, and suffers a chill. His skin feels cold and clannny 
though the thermometer introduced in the rectum will 
show that the internal tenii:>erature is above the normal. 
The onset may be ra])id or slow, and the duration of the 
rigor may be brief or prolonged. Often, at the onset of 
a fever, there is no chill but merely a i)eriod of depression 
during which the t(Mnperature rises. The feeling of cold, 
in spite of these increased tenqxM'atures dej)ends u])on the 
fact that the sensations oL* heat and cold ai'ise in the skin, 
at the onset of a fever the surface temperature commonly 
falls. 

]n the second stage, into Avliich the initial one merges, 
the skin becomes hot and Hushed, and instead of fc^eling 
cold the patient feels hot, and correspondingly thirsty. 

The third stage, as has Ixhmi said, may Ix* short (crisis) 
or ])r()longed (lysis). In this iirst case tlu^ tem])(M-ature 
falh^ very ra])i(lly and tlu^ fall is accompanied by 2)rofuse 
j)erspi ration. 

Fevei*, AV(* l)eliev(\ is dne to tin* ])r()ducti()n of too much 
heat in tli(^ Ixxlv and is caused bv the action of bactei'ia 
or their ])roducts. It is a comj)ound of heat accumula- 
tion l)y ()ver-i)i'oducti()n, and intoxication by ])oisonous 
snl)stances. 

In sunstroke (insohdion) on the other hand, the cause 
of th(^ sym])ton)s is tlu^ lunit i*ays acting u])on tlu^ body. 
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These ravs act first l)v healiiii;' the l)0(lv so that its ehem- 
ieal processi^s are quickened and more lieat is tlierefore 
l)roduc(Ml to the ])oint Avliere elimination l)y evaporation 
or radiation is no h)n<;er possible, or to the point Avhen 
the water sujiply of the l)ody is so depleted that the skin 
is no Ioniser callable of secretions for evai)oration. AVhen 
the air is hot, still and humid, the body cannot lose its 
heat, and then it* physical exercise is i)erslsted in, the in- 
ternal tempcM'ature of the l)ody may rise to very lugli 
j)()ints. It is possibh' that heat exhaustion is due to g*rad- 
ual de])letion of the water of the hody Avithout eqniva- 
lent loss of heat, and that heat stroke is du(^ rather to 
ra])id accunmlation of heat with or Avithout Avater loss.* 

KEFElx'EXCKS. 
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The Internal Secretions. 

The organs of the l)()dY are very coiHiiionly looked upon 
as iudeiKMideiit of one another, each doing* its own work 
with no other than an anatomic n^lation to the otlnn's, or 

*]•<>]■ a (li-cu-^vidn <>i the fl'tVcts ..f driiK'^ "n iIh' triniK'rat nrc. src I'milncy ami 
Kitchif's ("uiiLral rathnln^y. \>. ^^4. 
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only related l)v means of tlie nervous svsteiii. How in- 
complete sucli a eouce]>tion must ])e one may readily ap- 
preciate if he remembers that the function of the vascu- 
lar svstem makes it fullv as vital a correlating- median- 
ism as is the nervous svstem. The blood vessels are chan- 

« 

nels bv Avhicli food is carried to the various cells of the 

« 

body, but they are likewise, in a sense at least, channels 
l)v Avhicli cellular wastes are carried awav. In whatever 
way we may interpret tlu^ Avoi'd nastes, the C()nce])tion 
does not necessarily nu^an that sueli matei'ials are value- 
l(\<s in tlie g'eneral economy. AVhat is waste to one or^'an 
mav be food for another. A waste mav b(^ a serious mat- 
t(M' only when somc^ <;-i-oup of cells which make pliysio- 
lo^'ic use of it are abs(Mit. It therefoi'e is evi(h^nt tliat 
each or^an is a])t to liave an induence on other or^*ans 
throu.i^h its metabolic })r()ducts which ai*e secreted (or 
excreted) into the veiious bhxxl or into the lymphatics, 
'iliei-e are manv evideJices of the truth of these state- 
]n(uits, Ijut they are most frequently studied in comiection 
Avith the ductless glands, — the <;-lands of internal se(*re- 
tion. In the secretion of these ()i'<»ans there a])])ear to be 
])arti(Hdar chemical substances (one ol* whicli, adrenalin, 
has been isolated, and ev(Mi synthetically ]n-e])ar(Ml) that 
])roduce characteristic pliysi()l()<;'ic effects. These sub- 
stances are the honnanes. They are })arts of the chc^iiical 
coordinatim;- svstcMu of the bodv. This svstem deter- 
min(\< the dinndion of reactions. The nervous svsttun (hs 

« 

termines the spetnl. Kach syst(Mn modifies the otliei*. 

If these secr(dioiis are of such ini])ortance it mi^-lit l)e 
ex])ected that the systemic effi^ds of increased or de- 
creased activity of the organs of internal secretion would 
be striking-, and it is true tliat thev are. Such effects mav 
l)e tli(^ results of (»xcess or loss of the s])ecific materiahs 
of the secretions, or they may l)e due to the lack or modi- 
iication of a sjHM'ihc substratum upon Avhich to act. There 
is evidence in exjHM'imental Avork that the effects are not 
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simj^le, i. e., that they are not the result of damage to one 
organ, and modification of its secretion, hut the result of 
interference with the intei'related activities of such or- 
gans. As yet we know next to nothing of the methods of 
interference, or of the conditions upon which these gland- 
idar effects dejiend, Avhether in antecedent metabolic dis- 
turbances, infections, intoxications, or in primary de- 
rangements of the central nervous system. ^'In the case 
of the thyroid, for exam])le, exophthahnic goiter with its 
outspoken nervous and jisycliic manifestations was for- 
merly regarckMl as essentially a sympatliicogenic or psy- 
chogenic disorder, and among otliers Biedl has again 
come to support this view as oi)posed to ^foel)ius. Un- 
questionably the mental rejiose of successful psychother- 
apy on the one hand, and on the other, such a radical 
measure as the blocking of secretory impulses to the gland 
by cervical sympathectomy, have l)oth served in many 
cases almost as effectively as the now popnlar extirpation 
of the hyper])lastic gland itsi^lf. '' It is in connection with 
studies of the effects of nervous im])ulses in the produc- 
tion of seci'etorv effects that we need to recall the older 
ex]n'ession ^''phh^gmatic and nervous disposition, or di- 
athesis, or constitution.^' These same peculiarities ap- 
pear noAv as sym])atlietico-tonic and vago-tonic, and indi- 
cate the same old misunderstood fact that one individual 
reacts with al)normal quickness to an impulse, iiarticular- 
ly an emotional one, a\ liile anothei' reacts less (luickly than 
normal. On the other hand there seems to be no doubt 
that certain intoxications produce imi)ortant effects upon 
certain, at least, of the ductless glands. In such cases 
we may perluips search for tlu^ causes of vago-tonicity 
or sympathetico-tonicity in infections or gastrointestinal 
intoxications. Schiefferdecker goes to the extreiiie in 
saying: ''Internal secretion determines the eftVcts which 
the products of metabolism excreted l)y the nerve cells 
<luring the simple processes of nutrition, will exercise 
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upon otlier nerve cells and the end organ, such activity 
being called Urophic' Jt also determines the effect 
which the products of metabolism excreted in the course 
of si^ecitic activity will produce, and this effect is known 
as irritation' or 'stimulus'." AVhatever one mav think 
of such a statement it indicates, as Biedl says, the trend 
toward the ultimate exi:>lanation of physiologic and path- 
ologic correlationships in terms of chemistry, and it also 
indicates the value and extraordinarv interest which is 

« 

attached to the gkmds of internal secretion. 

It will be noted that the internal secretory organs are 
in a triple alliance. One other member, the nervous sys- 
tem, we have mentioned. The other is the sexual system. 
During normal growth there are ce]'tain psychic events 
which accompany sexual development. ]\Iorphologic and, 
certainly, secretory changes in the ductless glands occur 
during the same period. It is no more than one might ex- 
pect, then, that experimental Avork indicates a chemical 
connection between these three svstems, and that while 
the reproductive organs exercise an influence ujjon the 
nervous system, other organs which also influence that 
system may affect the reproductive glands. There is an 
interlocking directorate, and it seems '* probable that a 
disorder primarily involving any member of the ductless 
glands series, leads not only to peculiar somatic altera- 
tions but also to an accompanying and characteristic 
mental change,'' with, fi-ecpu^ntly, a sexual phase. So, 
says Cushing, *'it is quite possible that the psychopath- 
ology of everyday life hinges largely upon the effect of 
the ductless gland discharges ujjon the nervous system.'^ 
But, we mav add, these effects mav lie in an increased 
stimulability on the irdvt of tlie tissues toward nervous 
impulses, or an increased suscej^tibility of the elements of 
the nervous system to otherwise subliminal or unproduc- 
tiv(^ stiniuli. 

**It is more or less customarv, largelv ])ecause of their 
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offoets upon metabolism, to classiiy tlio internal secre- 
tions as inlii))itory (or assimilativ(^) and stimulant (or 
(lisassimilative), the one inflnenein^' the anaholie phase of 
metabolism, the other the katabolie. Tliev are also re- 
ferred to as growth proihieing and growth retarding. In 
e(n*tain eases the el'feets of these secretions are felt 
tliroughout the whole si)an of life; in others they play 
bnt a transient j^art, at one or another age or i)eriod. Xot 
infrequently their influence is shown l)y special effects 
on certain organs; again they modify general nutrition; 
or in still other cases they produce pnrely psychic ef- 
fects." 

In the foregoing paragTai)lis the emi)liasis has been 
placed npon the idea that the effects produced by disoi*- 
ders of the organs of internal secretion are the results of 
overabundance or lack of the specific chemical ])r()ducts 
of these organs. This is not the only tenable ])()int of 
view. 

It is believed bv nianv that these organs have also what 
is called a (h^oxicating action, and that in cases in which 
theiH^ is insufficiency the effects i)roduced in the organism 
are rather the result of the action of toxic substances 
which, normallv, are destroved or modifiinl l)v these or- 
gans. This idea is ai)i)lied chiefly in tli(^ case of the thy- 
roid. In this connection it may merely be suggested that 
local detoxication is RMidered (h)ubtfnl by the fact that 
in mannnals the effects of thyroi(hH*tomy may be removed 
])artially by feeding of desiccated gland sul)stance. Tliere- 
fon^ it seems more i)lausil)le to conceive that action of the 
secretion of the thyroid is effective, in a geiUM-al meta- 
bolic way, in inc]*easing the activiti(^s of the other organs 
and tissues of the body to a point where toxic substances 
ar(* cared for. 

IIow(^ver, so far as we know, the main feature of all 
disturbances of the glands of internal secretion is that 
they are not simple. The efl'ects as shown in syni])toma- 
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tology are the results of tlit' a<'tioii of wlmt lias l)oen called 
the "iiiteilockiiif^ s^IaiKliilar tliivctorate Miiicli profound- 
ly iiilhieiicv.s ]nctabolisni and the mental and sexnal life" 
{Diiiiii). Tlierefore it may 1k' said tliat wliilc it is sim- 
jilest to discn-^s the eU'ects ot tiic orj;ans of internal socre- 
tioii under (he heads of tlie dilt'ereiit orjjjuis, it is to be 
remeinbered lliat the conijilexe^; associated ■\vifli these ef- 
fects ai-e, as a riili', ]Hi!y;;lan(hi]ar' ones. 



The Thyroid and Parathyroid Glands. 

There seems lo l)e no conclusive evidence at present 
tlnd tliere is any essential dill'ereiice between thyroid and 
parathyroid tissue, for it lias lieeii shown tlnit all niori>]io- 
logical transitions occur indwecn tlie two. In si)eaking 
of the thyroid gland we therel'oT'e mean to iiichide the 
parathyroifls. 

The interjuil sc-cretion of the lltyi'oid acts cliiellv as a 
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tioii of the tliyroid on otlior organs. It is believed by 
some upon very good evidence that tlie paratliyroids are 
concerned in cah'ium nietal)olisni, and tliat they are re- 
sponsil)le for tlie syniiitoni-coniplex known as tetany. 

Diseases of tlie thvroid are associated with: 

(jraves' disease (exophtlialniic goiter). 

Cretinism. 

Infantilism ( infant ilisnms myxedematosus, Bris- 

saud). 
Delaved matnritv. 
Ac]iondr()])lasia (fetal rickets). 
]\lvxedema. 
Tctanv. 

The Thymus. 

Jt s(MMns ])Ossil)le that i\\o thymus exercises, through its 
internal seci-etioii, im])()rtant effects u|)()n growth and 
that it has an inliil)itory inlhience U|)()n the d(neh)])ment 
of the genital glands. Ai)i)earanc(^s seem to indicati* that 
involution of tlu» thynuis is consecjuent ui)on sexual ma- 
turity. The work of (ludernatsch suggests that the thy- 
nuis has the powcM* to stimulate growth, but lacks the 
])Ower to excite differentiation and not only that, l)iit thy- 
mus fcMMJing seems to sui)])ress differentiation. 

Lesions of tlu^ thvmus are associated with: 

Status tlivmic()-lvm])haticns 
Precocious adi])osity 
Certain cachectic states 
l'jX()])lithaln)ic goitiu* 
Sk'cletal changes (ricki^ts.^) 
Dwarfism 
A('li()ndro])hisia 
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nous temleiiev often accompanies states of secretory liy- 
perplasia." 

Lesions of tlie liyj:)opliysis are associated with: 

Acromegaly 

Gigantism 

Dialietes insipidus 

Dial)etes mellitus 

Infantilism 

l)ystro])liia adiposo-genitalis (P^roehlich). 

Cachexia hyjjophyseojjriva. 

it is to he recalled that lesions of the thymus are apt 
to he associat(Ml with dwarfism, while those of the i)itui- 
tarv and thvroid are associated with infantilism. These 

• ft 

two conditions are frequently confounded. The impor- 
tajit differ(Mice is that mental clianges are not associated 
with the former. Dwariism is a defect of size and ap- 
])(^ars hcH'ause growth ceases at some stage of develop- 
ment. A child may he noriual at hirtli and then growth 
niav cease (nanosouiia lufdutilis), or it mav he defective 
as to siz(^ fi'oni the start (uduosoin'ta prinmrdlaHs). The 
term infantilism, as d(»fined hy Laseigue, '*is a disturh- 
ajice of develo])meiit, the salient feature of Avliich is the 
])ersisteiice in both the mental and physical state, of in- 
fantile chai*act<'i*s." In the term, however, has been in- 
cluded certain cases in Avliich arrestcMl devel()])ment has 
resulted from mitritional derangements, and fi'om disease 
ol' the blood vessels, l)rain, etc. This form is known as 
/nf(()iflHsiHifs (1 ijstroplilcus of Lorrain. It may a])pear as 
the result of li\'])0])lasia of the vascular system, in heredi- 
tarv sv])hilis, after alcoholism and other forms of chronic 
poisoning in the ])arents: in ])rimary cerebi'al dis(»ase, 
as a r(\<ult of infectious diseas(\< contracti^l in earlv life 
(tu))erculosis, p(^llagi'a); met<d)olic derangements (chlo- 
I'osis); cardiac diseases (])uImonary and mitral insufti- 
ciencv); and linallv as the result of unhvgicnic surround- 
inus and insufficient noui'ishment in eai'lv cliildhooiL 
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From tlie fact tltat lesions uf numerous glunilH of internal 
secretion are associated witli infantilism it Is probaMe 
tliat tills complex is associated with lesions of more (Itan 
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one s'aiKl ixiid that the c]istiii<!,'iiislihijj; elitimetcrw of vari- 
ous forms of the coiiiph'x are connected Hvitli sinjjle 
j!:!aii(L-. liifaiililisiii is tliercfore a polyj^'himlnlai' affec- 
tion. 

The Adrenals. 

The adrenals like tlie pituitary are composed of two 
functional parts. Tliese are the medulla and the cortex. 



/ 



:i'li.' iiicdlillii is tlif cliroiiiiiffiii iioilioii of llio ui'suii imd 
is t-losely associatcil witli tlic syiiiimtlietu' inervous sys. 
tflii. Till' col'fcx is (juitc siiriilar ill striK-tuvc ittid a]!- 
jicaraiic,' to tli|. coiiiiis liitcum, luu] seems to lie dusoly 
iclati'.l, ruiictioiially, to llic sosiial slands. Tin- inodulla 
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The Pancreas. 

Tlie internal secretion of tlie pancreas seems to he an 
im])ortant factor in carl)oliy(lrate metabolism, though 
just Avhat part it plays is hy no means certain. It is pos- 
sible that this secretion contains a substance or sul)- 
stances Avhich make it possible for the tissues to use 
suf»ar. Stanley calls attention to the fact that an iso- 
lated heart from a (lia))etic animal, when ])erfused with, 
blood 2)1 us glucose, is unable to consume the glucose; but 
in adding an extract of fresh pancreas, the sugar is con- 
siuned. How this hai)])ens we do not know. Biedl says 
the most ]n'obable assumption is that the active substance 
is ferment, which inhibits the diastotic conversion of 
glycogen into sugar, though it does not prevent the stor- 
ing of glycogen. Absence of the hormone permits im- 
checked splitting of glycogen. 

The Pineal Body. 

Of this gland we know too little. It seems to l)e true 
however that whatever changes occur nuist ])resent them- 
selves dui'ing the j^eriod during which the gland is ac- 
tive, for it, lik(^ the thynms, undergoes early retrogres- 
sive changes. Lc^sions in it have been associated with 
olx^sity and macrogenitosomia pivcox. Iiiu'ent exi)eri- 
m(Mital work of Dandv indicates that the ])ineal hodv 
((^])i])liysis) has no physiologic importance. 
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tioii, and this dei)eiid.s m^on certain pliyisico-cliemical con- 
ditions. Abnormal constitution Avill just as surely bring 
about abnormal al)sorption, and, perhaps, what Avas not 
absorbed vesterdav Avill be absorbed today and illness 

ft' ft. ft' 

will result. Normal constitution of cells and organs de- 
pends upon normal activity, and so, as Cohnhein said, 
''The regular circulation of blood of normal quality and 
the physiologic activity of the organs are equally nec- 
essarv. ' ' 

The quality of the l)lood Ave wish to discuss in relation 
to physiologic activity. Tlie regularity of the circula- 
tion we shall discuss at another time. But first it will 
be useful to say some words concerning the quantity of 
food. 

As you know from your consideration of growth, quan- 
titv of food mav mean two things. It mav mean the 

ft ft C_' ft 

quantity available, or the quantity needed. Atrophy, 
you remember, may occur in the presence of an abundant 
supply of normal blood, j^roviding the cells are inactive 
— which is to say, are in a condition (physico-chemical) 
which makes them unal)le to take food. On the other 
hand, atrophy will just as surely occur in the absence of 
a sufficient supply of foodstuffs. 

The quantity of food needed l)y an organism dejoends, 
otliei' things being equal, upon activity. It is for this 
reason more than anv other, that the normal necessarv 
amount vai'ies with age, and climate. In growth the 
whole organism is active; the food is rai:>idly consumed 
and transformed into heat and other forms of energy and 
the supi)ly must be fivquently rei)lenislied. In old age, 
tlie opposite is true, the individual is less active; combus- 
tion is sh)wer, and therefoiv less is needed. A cold cli- 
mate tends to increase activitv, and therefore the food 
demands are increas(^d. Hot climate conduces to inac- 
tivity and to dcH'i-eased demands, even though it hastens 

ft . K : 

combustion. 
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And yet we hear it said frequently enough tliat we eat 
too nmch, or we eat too little. AVliy do we eat too much, 
or too little, and what happens when we do either? 
Sometimes we eat too nmeh because we haven't anything 
else to do and because we like the taste of food — or of 
some foods. Sometimes, because we are completely, 
mentally, contented, and being contented we are inactive. 
Nothing stinndates us to activity. Sometimes there is 
something wrong in our physiologic make-up, so that we 
experience the feeling of hunger when we should not. 
But sometimes we eat too littU' because we are discon- 
tent(Hl and the taste of food is unpleasant, or because we 
cannot have pleasant food. AVe may be worried, and 
being either discontented or worried, our appetites nre 
small and our activitv increastnl. AVe are restless and 
burn more food than we othei'wise would. Sometimes, 
again, our physiologic make-u]) is deranged and we have 
no desire for food, or desiring it, cannot use it or, some- 
times, retain it. 

And then, in either case, what hap])ens? AVe 'Maugli 
and grow faf as the saying is, or w(» 'Svoi-ry oursi^lves 
to a skeleton.-' AVe become ()hes(\ or ])()()rly nourished, 
or in the end we starve. 

There are two main tyi)(\< of ol)esity — i)hysiologic and 
])athok)gic. Thv fornuM- is seen in infants, and in youth 
just before the time of ])uberty. Tlie latter occurs as a 
result of lack of exercise — of ])hysical inactivity, and as 
a result of disturbances of tlie function of one or more of 
the ductless glands. It is quite ])()ssible that the obesity 
that ])recedes oi* accompanies ])uberty is due to internal 
secretorv activities. t\M*tain tv])es of familial and ra- 
cial obesity nuiy be either physiologic oi' ])ath()l()gic, — 
which, we do not know. All, howev(^r, of whatever type, 
dei)ends upon a storage of fats in the tissu(\< and this in 
time may be due to deficient powers of oxidation within 
the body or to the ])res(Mice, along with ordiiuu'y Food- 
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stuffs, of more easily oxi(lizal)Ie materials, such, for in- 
stance, as alcoliol. ()i)posite to ol)esity is emaciation, 
malnutrition, imdernourisliment, and starvation, due not 
merely to the using* up of tlie transient sui)plies, l)ut also 
of that other source of heat and energy that shouhl be 
used only in occasional times of need, — the fats and pro- 
teins of the bodv. Poorlv nourished children niav gTOW 
in stature though not in weight, and during such abnor- 
mal growth the l)ones grow at the expense of the internal 
oi'gans. It is only in the last stages of emaciation that 
growth stops in children, but even then the power of 
growth is not lost l)ut returns with pi'oper feeding 
(Aroiis: Joui*. Am. ]\led. Assn., 1911, Ivii, 1619). But 
under certain circumstauces growth is retarded, though 
mental development proceeds — a condition we call in- 
fautilism, and this leads us to call attention to the inter- 
esting fact that in starvation the vital organs are sjDared 
at the expense of the other organs. The brain even at 
the last shows little or no change. 

Finally, in this connection, let me emphasize that either 
()V(»i-eating oi' the refusal of food is not iiuportant. It 
is the cause of either. 

This may all be epitomized as follows: 

1. Xoj'mally anabolism should equal katabolism. 

2. When anabolism is greater than katabolism, obes- 
ity results. 

o. WluMi katabolism is greater than anabolism, Avast- 
ing, emaciation, inanition and starvation result. 

Beside ol)esity there are more serious things which 
ha])]ien as a result of overeating. Various sorts of gas- 
tr()int(^stinal disturbances ar(^ not infrecfiKuit. The over- 
loading and distention of the stomach, together Avith the 
irritant effects of much food; the continuous oi* overstim- 
ulation of the gastric seci'etoi-y a})])aratus; the fermenta- 
tive changes in the food which, in large quantity, is with 
difficultv satui*at(Hl and stei'ilized bv the noj'inallv pro- 
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teetive acid gastric juice; and similar effects in tlie in- 
testines. All of these result in synijotonis whicli are 
grouped together under ^^gastrointestinal autointoxica- 
tions" or mere ^'indigestion." Such conditions are ex- 
pressions of irritation of the gastrointestinal organs, of 
subsequent and consequent inllanunations, and of the ab- 
sorption of abnornud products or products abnormal in 
({uantity, which may act as poisons when carried to other 
oi'gans. AVe sliall speak of these conditions at anotlier 
l)lac(^ (see Intoxications). Fal)er, as an example of what 
one may think of the importance of too nuicli food, says, 
regarding overeating, that he is convinced tjiat many of 
the morbid conditions credited to the '"uric acid diathe- 
sis" are in reality the effects of overeating. He has tab- 
ulated a large number of cor])uknit and noi'mally nour- 
ished individuals and calls attention to the prei)onder- 
ance in the former grouj) of certain types of rheumatism, 
lumbago, varices and consti])ation. The mortality from 
apoplexy, lieait and kidney disease, is also higher in this 
group. He calls attention to the particulai* value of re- 
stricting the diet in such individuals. 

While the quantity of food lUHnled by the body is im- 
poj'tant, the quality of the food is still more important. 

AVe are told that to continue in health, the body needs 
proteins, carbohydrates and fats, and that these serve in 
])art for tissue l)uilding, i. e., growth (])roteins), and as 
sonrces of energy (carbohy(li'at(\^ and fats). In a way 
this is true, but in the i)ast few years ()sl)orne and Men- 
del (\<T)eciallv have shown that mixtures of chemicallv 
l)ure i)i*()teins, carboliydi*ates and fats, together with the 
normal salts and Avater, Avhile they will sustain life, ar(^ 
not able to pi'omote growth. ()sl)orne and Mendel found 
the necessai'v stimulus for growth in milk whey, and in 
extracts ol* tissues, ami, they found that these matei'ials 
would be effective in such small amounts that tlieii* ac- 
tion could not be accounted for on the basis of oxidations. 
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More recently Funk, studying the tropical disease beri- 
beri and its congeners, lias extracted similarly effective 
substances from yeast, rice, etc., and the extract he calls 
vitamin. Not only have these things been discovered, 
but Osborne and Mendel have found that proteins of dif- 
ferent origins have different nutritive values. So you 
see the quality of food is really decidedly important. 
Perhaps it is the quality of boiled milk and not the di- 
gestive variations in children which causes rickets and 
scurvv. Pasteurized and boiled milk are not as safe as 
uncooked milk, and yet all the original constituents are 
present. Hoist and Froehlich fed guinea pigs with only 
cereals or bread, and produced scurvy in the animals. If 
fresh carrots and cabbage Avere fed, the animals remained 
Avell, and these vegetal)les acted in curative fashion if 
fed to scorbutic pigs. If, however, the vegetables were 
cooked at 110-120'', the curative power was lost. 

There is a great group of diseases — i. e., clinical com- 
plexes — which seem to be due to qualitative changes — 
the diet. Beri-beri, scurvv, and ricki^s have alrc^adv been 
mentioned. Goiter, pellagra, cc^'tain forms of neuritis, 
and gout, are possil)ly other members of the group. Per- 
haps certain of the anemias also are. In the cas(^ of beri- 
beri it is intc^'esting to r(»call that the complete removal 
of the husks in the procc^ss of polishing the grains pro- 
duces a grain Avhich used as an exclusive article of diet 
results in the diseas(\ It has becai noticed that the daily 
use of milk has Ixm/u r(q)Oi*ted as useful in preventing Y)el- 
lagi*a : that fruit acids and salts prevent the occurrence, 
and hasten the cure of scui'vv. 

« 

Schaumann calls attention to the juinute amount of 
certain necessary sul)stances in the diet. He savs that 
tliev are ])resent in most articles of diet l)ut are readilv 
removed and destroved. Pice and other cereals lose 

« 

them by ijolishing, and they ai'e desti'oyed in other ar- 
ticles of food by heating above a certain temperature, or 
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])y long cooking, sometimes by desiccation and by pick- 
ling, by boiling in alkalin water, by moulds and even in 
some cases, by the intestinal bacteria. The distiu'bances 
following loss of these materials, he says, differ in differ- 
ent organisms. Ilerbivora d(n^elop scurvy; onmivora, 
scurvy and neuritis; and goats, monkeys, fowls and pig- 
eons, nmltii3le neuritis. The i3ractical conclusions are 
tliat the diet of man must comprise, beside the classical 
j)rotein, fat and carbohydrates, salts and water, these un- 
isolated substances. The protein must be one which con- 
tains try])t()phan. As Osborne and Mi^ndel have shown, 
a protein cannot be called a nutritive one if it hicks 
tryptoi)lian (gelatin, zein). Tryi)toi)han, ^lendel says, 
is indispensable for life; lysine, for growth. 
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DEG EXEli ATK )X— Pl(^ MKXT ATTOX 
— CALCIFICATIOX. 

Degeneration. 

AVlieii Ave speak of de^'eueratioiis we liave reference to 
a group of plieiioniena wliieli cliaraeterize tlie presence 
of al)nornial amounts of normal sul)stances, tlie presence 
of normal substances in al)normal physical conditions, or 
the i)i*esenc(^ of abnormal substances within cells. 

Fat is a connnon constituent, and a normal one, of all 
cells. In most cells it is not visible even under the mi- 
crosc()]]e, Tliis is true, for example, of heart muscle cells 
and kidnev cells. In some cells it is conunonlv and nor- 
mally visible, for example, in liver cells, and in the ordi- 
nary fat cells of the subcutaneous tissue. AVhen fat ap- 
|)eai*s in such a foi-m oi* am(mnt in kidney or heart cells, 
so that it can be seen, we speak of fdttjj (lef/eneration. 
When it appears in the liver cells so that thei-e seems to 
l)e more than a normal amount of visible fat Ave speak 
of fdffjj infiltndion. Fatty ([(\i''eiierati()n then applies to 
the occurrence of fat where no fat slumld l)e visible, and 
fattv inlilti'ation means an increase of fat where some 
fat might be ex])ected. Vi\i a])])ears in cells and tissues 
when the oxidations of the bodv are not sufficient to burn 
it, which may be tin* result of too gi'eat a su|)])ly of fat, 
or it mav b(» due to deliciiMit activities of th(» cells. 

Ther(^ is a cei'tain condition Avhich we call cloudy swell- 
nifl on account of the fact that tissues so affcH-ted ari^ 
swolle]), and at the same time are not as clear, or trans- 
lucent as thev are under iiormal conditions. Such tis- 
sues have a ''boiled a])])earanc(\- ' — th(^y resembl(% in a 
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Avay, a piece of tissue wliicli lias been dropped into hot 
Avater. Under the microscope the protopUisni of such 
tissues luis a finely granular appearance, which is due to 
tlie fact that certain of the proteins wliich compose i)ro- 
toplasm have coagulated and appear as granules, solu- 
ble in dilute acids, or alkalies, in the otherwise clear pro- 
toplasm. From the fact that very small amounts of di- 
lute acids Avill produce cloudy sAvelling we may argue 
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I*"i.c:. 13. — Cell (Ifgf 1U1 alioii. /-.>, Kai yoly>is: 7-7. I'ykiiosis. liyptMchroniatosis, and 
karyonlK'xi^; S-io, Karyoniuxis. Cloudy swelling is ]trcsent in all uf thost- cell.N. 
( iSt-attie and Dickscni.) 



that uuiU'i- cei'tain conditions in tlie bodv acids accunui- 
late, cause the |)r()t()])lasm to take up Avater (swirling) 
and, at tlie same time, cause some of tlie ])roteins to co- 
aguUite. 

Like cloudy swelling, the a])|)earance we (*all IfijaUn, 
colloid, and (oaijloid, in ci^lls and tissu(\s, are also due to 
abnormal states of the i)r()t(Mns in the tissues. Coimect- 
ive tissues may ap])ear hyaline^ (translucent) ; if it ))e also 
viscid or glu(\v, we sj^eak of coHoid; if it gives certain of 
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tJie stareJi reactions we call it anivJoid. Tissues are said 
to imderg'o liyalin, colloid, or amyloid degeneration when 
tliey answer to tliese descriptions. 

AVli(4i cells or tissues die we speak of necrosis. Some- 
times cells die as a wliole, sometimes all the cells in a 
tissue die, and sometimes only part of a cell dies. When 
a group of cells die leaving their ferments still active so 
that the tissue is more or less softened or digested, we 
speak of autolijsis. It is autolysis which goes on in 
pneumonia when the exudate of cells in the alveoli of the 
lungs is softened. It is autolysis which causes the cen- 
tral part of an abscess to soften so it can be squeezed out. 
AMien autoh^sis does not occur tlie material from the 

ft 

dead tissue may become somewhat dry and granular like 
cottage clieese. Then we si)eak of caseation, AVhen a 
whoJe part of tlie body dies as a wlioh^ — like a hand or 
a ](\g, we speak of f/angrene (because of the color) though 
the process is still necrosis. If the gangrenous part be- 
comes dry and munnnified, because the moisture is evap- 
orated from it, we speak of ^"dry gangrene." If it re- 
mains moist, and becomes infected, we speak of 'Svet 
2*ani»*rene." Death of ])on(^ is commonlv called ^^ caries,^^ 

There are other forms of degeneration which are as- 
sociated with alniormal amounts of certain substances 
within th(^ cells. For instance we s])eak of mucoid degen- 
eration and mean tliat more mucin is present than should 
normally be. AVhen tumors show a high degree of nm- 
coid degeneration or iniiltralion we call them myxomas; 
when, as in certain forms of diseasi^ such as those due 
to interference with the thyroid gland, the connective 
tissues, particuhirly the subcutaneous tissues, contain too 
much nmcin, Ave s])eak of miixedema. In the one case 
the mucin is of e])itlielial origin, in the other of connec- 
tive tissue origin. Glijcof/enic defjeneration occurs when 
more than the usual amoimt of glycogen api:)ears in cells; 
soapij decjenerafion when soaps a])pear; and myelinic or 
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lipoid degeneration when the lipoid or the myelins of the 
nerves or central nervons system undergo retrogressive 
transformations. 

Pigmentation. 

Fnder certain conditions foreign sul)stances enter the 
l)ody, are taken np l)y the cells and lield in the tissnes 
wliich are colored l)y reason of these sul)stances. A ])er- 
son who lives in a dirty atmos])here, one like that of a 
larg(^ eity, l)reathes into his lungs the sniall particles of 
carbon that are always present in th(^ smoke which min- 
gles with the air. These partick\s enter the lungs and 
ai'e taken up by the cells of the tissue, the phagocytic 
cells, which carry tlu^m sometimes to the neighboring lyni- 
])hatic glands, sometimes only into the neighboring con- 
nective tissue. The result of this is that the lungs be- 
come i^ermanently blackened by the insoluble cai'bon. 
This c(mdition is one of the conioses, or "granule dis- 
eases," and is specially known as (inihrdcosis. In work- 
ers in iron, particles of that metal lake the ])lace of the 
carbon, and we s|)eak of siderosis. In woi'kers in clay, 
])articles of that substance ent(U* the 1 issues and W(^ have 
silicosis or chdlicosis. Pigmentation with silver*, from 
overuse of silvei' salts, is called arf/i/yia, and pigmenta- 
tion Avith lead occurs in plumbism. 

In another grouj) of circumstanci^s the pigmentation 
is the result of excessivi^ i)roduclion, beyond the ])ossi- 
l)ility of excretion fi'om the body of i)igniented bodies 
Avhich stain the tissues. Somelimes the staining is due 
to interference with the excretory ])atliways, as in jaun- 
dice of the ordinai'y *'yaller janders'' ty])e. According 
to the process such forms of pigmentation as melanosis 
a])])ear, due to the de])osition of melanin in the skin. 
The pigmentation of sunburn is due to localization of 
nu^lanin. Tlu^ color of freckles also is due to melanin. 
(J(Mi(^i-alized jaundice we S])eak of as icterus; jaundice 
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due to l)reakuig up of the l)lood ])i<;inent is lieinatogeuous 
jaundice. 

Calcification. 

C^alcification under pathologic conditions is analogous 
to tliat Avliich occurs undei- noi-nial conditions, for in- 
stance in tlie calcification of nL(4n])ran(^s to foi-ni the flat 
l)ones of the skull. 

AVhen tissues die (undergo necrosis) sevei-al things 
may hap|)en. The dead tissue may become li((uefied and 
l)e removed or it may be re])laced by fluid which i-emains 
as a cvst. The dead tissue mav become infected l)v bac- 

• at 

t(M'ia and an al)sc(^ss results, oi- iu the dead tissue lime 
salts may be (h'])()sit(Ml. This is what ha|)|)ens very fre- 
(juenlly in tubercuh)us lesions, in various oi'gans, espe- 
cially in the lym])h glands and in the lungs. Such areas 
ai*e calcified. Sometimes dead ])()n(^s are c()mi)letely or- 
ganized and scars are formed, and sometimes the scar tis- 
sue becomes calcified. Sometimes as oi'ganization of 
dead tissue goes on, calcification accompanies it, and the 
pi'ocess goes on in such a fashion that bone is formed, and 
then we speak of ossification. 
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ciiapteij vii. 
ixfla:mj\iation. 

Kvcvv one knows sonictliin"' al)ont inflannnation. Ev- 
ory one knows, Tor instance, that a conjunctiva that is in- 
tensely con<>-este(l, tliat is painful, that i)i'0(luces a more 
or k\^s serous discliar^e, is inHanied. Hvei-y one knows 
that a *M)oil,'' otlierwise technically known as a furun- 
cle, is the seat of a locali/AHl inflammatory ])rocess, and 
w hen one knows this lie is immediately aware of tlie car- 
dinal symi)toms of inflammation, which (V^lsus, i)ei"ha])s, 
first Avrote down for others to read, namelv, liedf, icd- 
ness, pain and sireU'nif/ — calor, I'uhor, dolor and tunioi*. 
One is also aAvare that, hecaust^ these four cardinal sym])- 
toiJis are pivsent, somethin<;- nmst he w ron<i,' with the ])arts 
of the affected tissues. With normal hlood vessels thei'e 
should not he this increase of ivdness and of heat. With 
norinal tissues and normal ])i'ocesses thei*e shouhl he no 
]jain and swelling'. Something' else is wrong-. The func- 
tion of the ])arts is ahnormal. And so a fifth symi)t()m 
has he(-n added to those of C'elsus, namely, distHrbdJice 
of fiDictlon — functio hesa. 

inflannnation is a i)ro(*ess hv which the hodv reacts to 
iniurv. It is hest descrihed hv Cohnheim in the follow- 
ing- i)ai'a.gra})hs. 

''If you withdi-aw a looj) in intestine from the ahdonien 
of a rahhit and expose it to the air, it, together with the 
vessels, nltimately pei'islies, hut death is far from instan- 
taneons — ratliei' a comparatively long intej'val nmst 
elai)se befoi'e this point is reached, and during it tJie dis- 
organization of the tissues and vessels pi'ogresses little 
hv little till thev hnallv die. Tf von cut off the circulat- 

CO 
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iiig blood from a ])art aii<l its vessels, lun-ro-i- sets in, but 
liere a,uai]i, as y(ni know, a v^^-y c()n>i(lrral)le period 
])asses durin;^- whicli tbe ti>su('S, in >i)pcip the vessel walls, 
iMH-onie ;^i-adually dis(n•;^■aniz(Ml. At a tt^niperatnre of 
from .■!()■ to '.]"< C. tlu' life and function of tli<' blood ves- 
sels are r<^i:ular and normal, at one of sav (Ji)' C. thev are 
certainly destroye<l. Xow, if you exi)os<^ a vascular part 
to a t<-mperature soniewiiere hetween tli<^se extremes, 
tlioua'li it does not die, the heat is not without its effect 
on the constitution of the V(\<sel walls. Lastlv, in order 
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to kill a ])ai't with its vessels by the action of sulphuric 
aci<l. the latter must have a certain conc^-ntration : a 
wc^akei- solution is, however, far from innocuous, although 
it does not iustanianeouslv (h\<ti"ov the vitalitv of the ves- 

• • • 

s»^l walls. These exau!i)les A\ill, I think, ex[)lain tlie drift 
of ]i]v tliouulits. for tliev show that alt<'rations in the con- 

StitUlioli o)' the vessel Wclll>, !'o T whif'll tile tel-ill nlolcOilar 

just ]iow a])])«^ar> to be tli<' mo>t suitable doiu'iiation, are 
calh'd foi'tli ])y a muiiber of inlhuuices of tlu^ mo>t differ- 
ent kinds. But if >iu-h alt(U'ations occur Ave ai'e ju>tiiied 
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in asking, What effect have tliey iii:)on tlie circulation? 
'* Yet however natural this question, it is iini30ssil)le to 
answer it (i priori; the direct observation of api^ropriate 
cases is necessary, and it Avill be l)est, with tliis end in 
view, to have recourse to express experiment. This may 
l)e eari'ied out without anv difificultv. You need onlv ex- 
]:ose the vessels of a part to the air by removing its pro- 
tective coverings, when, if you have selected a transpar- 
ent tissue, tliere is notliing to hinder microscopic obser- 
vation. The simplest method is to draw out the intestine 
of a curarized frog tlirough a laterally placed oi)ening 
in the abdominal wall, and to bring the mesentery under 
the microscoi)e, after having carefully S])read it out on a 
slide adai)te(l to the puri)ose.'-. . . '^The iirst thing 
you notice in the exposed vc^ssels is a dilatation which 
occurs chiefly in the arteries, then in the veins, and least 
of all in the capillaries. AVith the dilatation which is grad- 
ually developed, but which, during the s]jace of tifteen to 
twenty miiuit(»s, has usually attained considerable lU'opor- 
lions (often exceeding twice the original diameter) there 
immediatelv sets in in the mesenterv an acceleration of 
the blood stream, most striking again in the arteries, 
but very apparent in the veins and capillaries also. Yet 
this acceleration never lasts long; after half an hour or 
an lioui-, or sometimes after a shoi'ter or longer interval, 
it invariably giv(»s place to a decided retardation, the ve- 
locity of the stream falling more or less below the nornuil 
staiuhird, and so contiiuiing as long as the vessels occu])y 
their exposed position. Such is the course of events in 
the mesentiM'v ex])eriment, in which not only the vessels 
of the mesenterv, but their terminal ramifications in the 
intestine, are laid bare. In the wound of the (frog's) 
tongue, on the other hand, the acceleration is often alto- 
gether absent; aiul from the first there is associated with 
the dilatation a retardation of the stream, which increases 
as the dilatation increases. 
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This sta^'e having been readied, the vessels are seen 
to be all of tliem veiy wide; a nniltitnde of eapillaries 
Avhieh, even formerly, were hai'dly i)ereeptil)le, can now 
be clearly distinguished; pulsation is usually eonspieuous 
on into the tinest ramiiieations of the arteries; while the 
How is everywheiH^ slower than normal, so that the indi- 
vidual e()r])usek^s may easily be j'eeognized not only in 
the ea])ilhiries, l)ut also in the veins, and during diastole 
in tli(^ arle]"ies. In eonse([uene(^ of the tardy, forward 
moveinent the e()r])useles aeeunndate in large numbers in 
the ea])illari(^s, so that the latter appear re(hkM' than us- 
ual, and therefore fuller, moi'e voluminous; yet their 
cross section, as just statcMl, is only very inconsid(u*al)ly 
enlai'ged. But it is the veins rather than the ca])illaries 
that att]*act the notice of the obsei'ver; for slowlv and 
graduallv i\\^\v is devel()p(Hl in them an (^xtremelv char- 
actei'istic condition; the originally ])lasmatic zone be- 
comes tilled with imuunerable colorless coi-|)uscles. The 
])lasmatic zon(^ of the veins, you will remembcM', is always 
occupied by scattered colorless Idood coi*|)uscles which, 
owing to their globulai* foi'm and low specific gravity, 
are driven into the p(M*i])hei*y of the sti'eam, and whose 
adliesiv(Miess makes it difficult For them to esca])e from 
the Avail once tliev have couie into contact with it. It is 
obvious that this difficulty will b(^ enhanced 'u\ jn'oportion 
to the slowness of tlu* blood sti'eam; and thus it is not 
surprising that a gradual accumulation of large numbers 
of colorless corpuscles should take ])lace in the ])eripheral 
zone, and here come to b(^ comparatively motionless. For 
that a state of absolute rest, an actual standstill is out of 
the question, 1 nei^l hardly mention (»x])ressly; the color- 
less c(dls of the T)lasnuitic laver remain stationarv at most 
for a time, they then advaiU'c a little, and perlia])s make 
anothei* short halt, and so oil Yet this does not lessen 
tlu^ striking contrast ])res(Mited by tlu^ c(Miti*al column of 
i-ed blood cor[mscles, tlowing on in an unintei-i'U])ted 
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*^tream of iiiiiforin velocity, and tlie ijeriplioral layer of 
resting" colorless cells; tlie internal surface of the vein ap- 
l]ears paved with a sin^-le but unbroken layer of colorless 
cori)Uscles without the interposition at any time of a sin- 
<>ie red one. It is tlie separation of the white from the 
red corjuiscles that ^ives tlie venous stream in these cases 
that characteristic ap])earance, anything' analo<i,'ous to 
whicli von will look for in vain in the other vessels. For 
in the ca])inaries, altliou<>h lar<;e numbers of colorless 
bh)()d coi'puscles adhei'e to the walls, there is always an 
admixtui'e of red cells, or ratlier tliese are vei'v decidedlv 
in the majority. Lastly, in tlie arteries there is seen dur- 
ing; diastole, almost at the moment of exit of tlu^ wave, a 
mim))er of colorless blood coj'jmscles I'ollin^;- straight to- 
Avards the ])ei-i])hei*y; yet these ai'e always swe])t into the 
stream at the next systole, so that the devel()])ment of a 
i-estin^- ])eri])hei"al layer is lu^re alto^'ether out of the 
question. 

*'Bnt the eve of the ()bsei-\ei* hai*<llv has time to catch 
all the details of the ])ictui*(^ hei'oi'e it is fettered bv a verv 
iHK^xpocted ()ecurr(Mic(\ Tsnally it is a vi^in with the 
ty])ical |)<'i'il>'i<'i**d arrangcMiuMit of the white corpuscles, 
hut sometimes a ca])illai'y, that first dis])lays the ])li(Mi()m- 
ena. A ])oint(Ml ])r()j(M'ti()n is schmi in the extei'ual con- 
tou.r of the vessel wall; it ])ushes itself fui'ther outwards, 
inci'eases in thickness, and the pointiMl ju'ojection is trans- 
formed into a colorless rounded hum]); this <>*i'ows lon^vi' 
and thickei*, throws out fresh ])()ints, and ^'radually with- 
draws itself from the vessel wall, with which at last it 
is connected only by a lon^' thin i)edicle. P'inally, this 
also detaches itself, and now thei'e lies outside the ves- 
s(^l a colorless, faintly ^•litterin^-, conti*actile corpuscle 
with a few short procc^sses, and one lon<;' one, of the siz(^ 
of a white blood cell, and haviui;' one or more nuchn; in 
a word, a colorless blood coi'pusch^ While this is takin.i^: 
])lace at one spot, the same ])i*oc(\<s has been cai'ried on 
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jj: otj.'-r \j<jvVj)]/>. of ti.*' v^^i].> a!.-: <-ar':^.la!-:^>. Quite a 
]a.i';j'' ji'L'.'.fi*^!- 01 vsj.i'*:*^ ii'oo<i -••-'N '.av*.- i'^-tak*;-ii thern- 
^•^l^■»^- to t]:^- ♦-xtHj-joi- o: tL«- v^-.-.-^-N. i..iA \].^>^ aiv con- 
>tai.tJy !'ojJo^v^-(i l.y fj-»--i. o!.^^. av]..)-*- ]Lii'-*- in tL*^^ pHiipli- 
^^i"a] lavfvr i- ]]♦.::.♦-. liat^-lv «»r.'U].iH.i iiv otl.^rs. Like 
♦"^A'^M'}' .-ta;^^- of X\a- ^viitii'*- ].»!•< M-M.--. ()i^ fi'un: ti.^ tiii.n of ex- 
].io-\;r'^. tL»^-*- ]»k«-iio]i.Hiia may «i^-v»^l«:.|i Hitk^r raj»i<lly or 
.-]owjy: at (jiA^ X'uiA- tli^^ narli^-t Hnji^ratiun v^ry quickly 
.-ucr;»>»^.J.- tke ]tavt-]',HiitiiJir: at aij>tk^-r. an knur or more 
jj.a\' ],'a.-.- Avitkout a]iytki];2' kaj-p^-nij.^- to «lraw tli*^ at- 
t'^jjtioij to tk'^ ^/oiitour of a ^ill;::l^- vniii r.r (/apikary. In 
aii\' ca-*- tliK^ tinal iv.-ult. aft^-r >ix «.»r ^i^l.t <»r lua't- liours 
]ja\"»v e]a]j>»^d. will 1»»- tli^ H]icl(>>ur^- of aki tl:e vnins, >iiiall 
aii<l la]";:^-. of tli^- ]n»\-^-iitHrv (jr W(,)iin.l of tkn tuim'Un with 
.-evt^-al lay*.^]'> of ('Mj]or!H>.- 1»1<)(»<1 (•<)r]»u><-lHS. Tk^:^>H fpiice 
i]i tli^^ vniii.-. i]i x\[^ intHi'ior of wjiick tkn pi>^vi(>u>ly de- 
-r-ri]jH(l (•o]i<litioii> coiitiiiUH, naiiiHly, tkn ]>eriplieral ar- 
]-aL;^»^n':^^nt of tli^^ colorlnss {•A\< an<l tkn ct^ntral uukroken 
l!o\\' of ]■♦'<! klood corpu>cle>. Xotkinu" ariak;)ir<'us kas oc- 
r'U]-in'(l ill (•(jiiij»-ctio]i witli tlin artHrif^>. tknir rcnitour kas 
i"^^ijjai]i»^'l >]jioot]i a> kHfuiv. ii<;>r caii a solitary rorpu>cle, 
r<^<l or wkit^^, Iih <li>co\>iv(l on tkeir outer >urfares, ex- 
c'^jit. of eour>H. <\\r\{ as may kavp readind tkem from tke 
n<d;:]jl»r)rjn;:- VHin>. On tlie utker liaruk tli^^ rajdkaries 
tak^^ a> ahvady mHntione(k a very active jtart in tlie pro- 
r-»^>>: vf^t tljH.-e and tke ca])illarv A'ein- differ remarkedlv 
from t]]e \-«dn> projM^" i]i tliat not merely colorless, but 
j-»^d c(ji-jju>c1(->, emi.U'rate from tliem. Tkis re>ult is com- 
pk-tcly in liarmony witli tke condition of tke >tream iu 
t]J«^-H ve>><d>, for I liave alreadv called vour attentioii to 
tk«^ fact tkat in tke veins only wkite corpuscles, in tke 
ca]»illaric> l)otk varieties, are in contact witli tke vessel 
w'nW, >() tkat wketkcr a ])i'c])()nderance (jf wkite or of red 
coj']»u-c|e.- pa>>c> out of a ,ui\"cn ca]»illary de]>eiid> xjlely 
on tlie numerical relations of tla^ cell> accunmlate<l in 
it.- intc]-ior. 
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'^veeping -pace Avith this exodus, emigration, or, as it 
is also called, extravasation of eorpuscular elements, 
there occurs an increased transudation of fluid, in conse- 
quence of which tlie meslies of the mesentery, or the tis- 
sues of the tongue, are infiltrated and swell. But tliis is 
not all. The extravasated colorless corpuscles distril)ute 
themselves, in proportion as tlieir numbei-s inci'ease, over 
a larger area, forsaking tlie neiglihorhood of tlie vessels 
from which tliev are derived. Tlie tissues hecome more 
and more densely packed with them, while the red cells, 
which have not the jiower of independent locomotion, re- 
]nain seated in the vicinity of tlieir capillai-ies; yet these 
also mav l)e carried off l)v the stream of transudation. 
Soon a moment must arrive when the products of exuda- 
tion and transudation can no longer he accommodated in 
the tissues. They now gain the free surface of the 
mesentery, and should the transuded iluid coagulate, as 
is the rule here, the final result of the process just de- 
scribed will be the deposition on the mesentery, as well 
as on the intestine, of a fil)rinous pseudo-membrane, 
densely packed with colorless blood cor])Uscles, and in- 
terspersed with isolated red cells.'' 

Indammation then is a process characterized chielly 
by vascular changes. Its chief ])henom(Mia ar(^ vascular 
dilatation, slowing of the l)l()od stream, ])erivascular 
edema, emigration and dia])edesis. In situations where 
the blood vessels are absent, as in the cornea, the essen- 
tial phenomenon is leucocytic migration. In either case 
the tendency is to healing or repair of the lesion. 

Verv manv inllammations are the result of infection 
with bacteria (sei)tic inllammations). In these the pro- 
cess is generally the same so far as the fundamental tis- 
sue and vascular changes are concerned. The following 
descri])tion is taken from Adami's book on 'Mndamma- 
tion," a book which everv student will l)e interestiMl to 
read. In it he summarizes the observations of Hohnfc^ldt 
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Oil iilisccss <U'\(->l{i])iriciit tliT'ouft'li tlic agency of stapliy- 
lococcus pyof^i'in's auiviis: "lie hiocitUitcd small qiiaii- 
tilit's of iJiirii ciiltuifs of tlu^ iiii('r(ilH' sulx-nfaneously into 
i'abl)its. Four Ikjiu's after iuociilalion the vi^sselw of llie 
region were fouml densely Jilled with (-oi'])uscies, and in 
ilieiii a connneiicinj;- niar,i;'iMalion {>r the wliile cofjniscle.s 
was disceniihle. Leneoeytes were piTseid williiii tlie tis- 



sue ill iininhers greater tliaii iionnal; allliouyh eoiiipared 
with iater staj^es (liey were infre(Hieiit. They were of 
two kinds — the mononuclear in the majority, tlie poly- 
moi'pIioiiiK'lear in lesser iiumliers; liotli forms were coii- 
•i're^ated mainly around the line of entrance of the in- 
jeetinji' needle. Many of the connective tissue cells were 
so .swollen as to he miitided rather than naltened. The 
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injected cocci, lyiii^' in l]ic lyMi])li-si)Mces. ■were scattered 
tliroiiKli the tissue; in jmrt free, in part iili-eady ingested 
liy colls, not only by tlie leucocytes, l)nt also hy tlie con- 
nective tissue cells, the number within Unicocytes heiug 
not inconsiderable. Prei)a rat Ions !na<[e at the end of ten 
hours sIiowikI the same conditions, but more distinctly. 
There was ample evidence of ini<,niition of the leucocytes; 



]iiar<;'in;ilioii in llie congested vessels, various stages of 
passage throngb the vascular walls, aiid large collection.^ 
or cells in the perivascular lymph spaces; from these tliey 
spi'cad hiUt thv s]>aces between the l)undles of connective 
tissue tibrils. The cocci lay in the lym])h sjwces in in- 
creased mnnbers, and the massing of leucocytes conr- 
>jK)mled in position lo tbe accunudation of microbes. In 
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these regions {lie Icucocylcs were iiiainiy polyiii()rj)lioiui- 
clear, but in tiic bomnlai'v /.one away rroni tlic cocci tlie 
iiionoiiiiclear t'oTiii iti-ciioiiiiiiatcd. At the ciKi of twenty 
lioiirs there was f'lirtlier accentnation of these condi- 
tions. As yet ail abscess jn'ojjei- liail not ])eeii formed, 
Init there were enormous uiiuihei-s of leueocytes and also 
of uiicrococei; the tihri|];r of connective tis.sue Avere widely 
separated hy the coHections oi' k-ncocytes. wliicli clus- 



tcn^d nnind and lii<l tlir connective tissu<> cells. With the 
coinpielion of forty-eif!;ht hours a 'well-defined ahsces.s had 
formed. se|)ai'ale(i sharply from the sniTOUlKlins healthy 
tissue. The center of tin' abscess was seen to consist of 
densely packed leucocytes niinj;le(i with larije f^'i'owths of 
cocci. Tliese leucocytes were almost entii'ely ]>olymor- 
l)houuclear: and in lliis centra! area (he nuclei ul' some 
showed fragmentafion. (Sncli a matrix cr)nstitntes pus.) 
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Xi'illu'i- k'licocyU'f- nor coiim'ctive iispuo colls showed ilie 
.^lig'liti'st imlicalioii of mitosis. In the central area all 
traces of the previons euiuUarics had disa])i>eared; in the 
]ierii)hei-ai zone they wore easily recofi;iiize(l, heinj^ fully 
injected; and shoAviiif>' a inarj>'inal disposition of tlieii' len- 
coi'vtes, inanyot'Avlncli could lie seen (in osnik- acid prep- 
arations) fixed in the process of niif^ration. The inajor- 



it\- of the cocci lay In these leucocytes. Kven where llie 
colonies of llie tnicvolies were tliickesl. there tlie niajiH'ily 
were iiit racelhdar. I'assinj? toward the ])eT'i]>liery tlie 
niunh.'r of cocci i)ecaine snialler ami smaller. .U tlie 
lieriphery they could l>e seen not only to he iiilra.-elhilar, 
lm( a!.<o free in tlie ]yin]ih s]mces; an.l lloliiifeldt. with 
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otlior obsorvers, saw tlieiii definitely grouped Avitliin the 
eiidotlielial cells of the peripheral vessels. Thus it may 
l)e noted that, at this stage, the proliferating microbes 
exten(kHl into the healthv tissues outside the abscess. In 
the center of the abscess the original tissue had wholly 
disappeared; neaivr the ])eriphery light streaks and bun- 
dles of the disintegrating tibrilhe could be recognized 
between the leucocytes. Xot until the tenth dav did new 
grow th of tissue begin to show itscdf. During the preced- 
ing six days thei'c^ had been mere breaking down of the 
|:olymorphonuclear cells, charactei'ized by fragmentation 
of the nuclei and by fatty degeneration of the cell sub- 
stanc(\ T>ut by the tenth (hiy the peri])hery had l)egun 
to assume the appearance of granulation tissue; it con- 
tained numei'ous capillarit^s and new-formed comiective 
tissue^ with characteristic epithelioid cells or fibroblasts 
possessing larger, oval, pale-staining nuclei. In these 
cells, as in the coniKH'tive tissue cells of the surrounding 
tissue, the numei'ous ste])s of indirect c(41 division could 
be nuule out. In this gi'anulation tissue cocci were al)- 
sent and leucocytes w(M'e infrecpient.'" 

Such, is the typical ])icture of abscess Formation and 
tlu^ ])rogi*ess up to the commencenuMit of healing. The 
Fact should be mentioned here that, at almost any stage 
of this ])rocess, the bactei'ia may enter the blood stream 
and b(^ disti-i))uted to the rest oF the bodv. Then one of 
two things may hap])(^n; either the bacteria may prolif- 
erate^ exclusively in the blood and overwhelm the infected 
oi'ganism, a condition which we know as septiceniia, or 
tliev may beconu^ located in other organs or tissues and 
tlieiv ])rolifei-at(^ and pi'oduce othei* secondary or meta- 
static abscesses, a condition known as sepiicopijemla. It 
is also possible that the bactiM'ia without of necessity en- 
tering the ))I()()d stream s])read in an appar(Mitly unliin- 
dcM'ed and unlocalized way in the tissues, and so ])ro(hu*e 
a diffuse redaction {cclhilifis; pJilcfinion). 
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Repair ajid Regeneration. 

If, as tile result of a triuniia only a iVw cells are dain- 
aft'e«l (as illustnileil in tlic Ic-^ioTi proihiceil by n sharp 
knife or a pin prick), and tlie ed^'es of the wouiiil remain 
in ap])osition or very close to{;ellier, li<'alin^ takes jjlace 
very I'api.lly. Tlieiv is little dead material to he re- 
i[!Ove<l, aTid a few ])liajj;ocytes can do fli<' necessary work 
(inickly. The litood or sernm which is present helow the 



edfi'es of the wound coaj;u!ates ami ;>;lnes them tofjetlier 
and the iilirin foi-nied dnrinj;' coaji'iilation fornTS a network 
upon which the cells for either side can l)e snj)])orle<l 
III their j;rowtli. The resnll is that the capillary looi)s 
send theii' spronts across the woniid: (he fihrohlasts, few 
in nnmliei-. j-t'ow with the cajiillaries and form a ))ei'ina- 
iiciit hindins of the (issne. At the same time llie e|.illie- 
Hum or Ihe surface ^vuw^ across the wonrid and covers il. 
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At tlie ond ol* a few days the liealing is complete and 
stroii,i>*. Tliis AV(^ eall ^^liecdnii) hy first mtenfion/' and 
it is wliat tlie surgeon strives for in approximating the 
edges of tlie wonnds he makes with liis sharp instruments. 
Tearing of tissues tends to (k\<troy more cells and delay 
healing. 

In lieaJ'nuj hfj second rnfention or healing by granula- 
tion one of two things has liapi)ened: either the space to 
l)e liUed witli tissue is too wide for rapid filling with liv- 
ing cells, or infection has occurred. If a wound is tilled 
with st(M*ile hlood clot, healing will occur especially by 
mearis of organization of the l)lood clot; if the wound or 
the blood clot is infected (stitch abscesses for instance) 
then the procc^ss of healing is aiuilogous to that already 
descril)ed in the foi'ination and healing of abscesses. 
Such liealing results in the fornuition of much fibrous tis- 
sue, which tends to produce a scar and scar tissue, espe- 
cially when it replaces muscle, and tends to stretch. 

Fibrous tissue is the tissue Avith which all other tissues 
are apt to l)e rejolaced if healing is not rapid. Many tis- 
sues do not T'egenerate save onlv vcu'v slowlv. Fibrous 
tissue grows rapidly and luuice tends to replace the ^ ^no- 
bler'' tissues. Tli(^ mor(^ highly developed a tissue is the 
less power it has of regeneration. (V)mplex tissues never 
undergo comjjlete rc^generalion. The nearest approach to 
it is seen in per i)rinuim healing. 

Jn healing of wounds in bone the ])rocess is nuich the 
same as in other situations. It is onlv modified bv the fact 
that the fibroblasts ])lay a role which is supplemented 
bv osteoblasts, which an^ mertdv modified fibroblasts. 
Al'tei- a fracture therc^ is a certain amount of hemorrhage 
which fills in the spaces b(4ween and around the broken 
eixls of the ))on(\<. Associated with this thei'e is exuda- 
tion of cells and SiU'um. Soon the blood clot which is 
formed begins to organize and the whole inass forms 
what is known as the callus. This callus is finally, in 
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part, replaced l)y osteoblastic tissue, and tinally by bone, 
and is in part absorl)e(L Sometimes it is not replaced, 
l)ut remains fi])rous and then Ave speak of ^'tibrous union 
oF bones." This is what is apt to hap])en in old persons, 
in persons Avhose l)ones are not well ''set'' or a])])roxi- 
mated, and in those in whom the l)ones are not ke])t sol- 
idly in place during healing*. 

Types of Inflammation. 

Inflann]in,tions are classified according to the time dur- 
ing whicli they have existed, or according to the morpho- 
logic characters of the exudates. For instance thev are 
called ac}{te if they appc^ar and develo}) within a very 
short time or hxst but a short time ; tlu^y are calhnl clironic 
if they develop slowly or hist a long time. One reniem- 
bers the acute coi*yzas which ap])ear almost in a minute, 
last a few days and disat)t)ear, or the acuti^ tonsillitis 
which acts in the same wav. A boil is an acute inllam- 
mation. One also renuMnbers the ''colds'' that last all 

' winter; the l)r()nchitis oT old ])e()pl(\ whicli lasts for years 

as is shown by the '''chronic" cough, and the ])ulm()nary 

'■ tuberculosis with which souk^ individuals liv(^ for vears. 

On th(* other hand on(^ recalls the terms "nuMnbi'anous 
crou])" (which we now know is diphtheria), which re- 

" ferred to the membrane found in the larynx. A nuMn- 

bi'ane is an exudate fornunl almost ])urely of fibrin, with 

(' sometimes a tew leucocytes. An al)scess is a ])urulent 

I form of inllannnalion, for purulcMit refei's to ])us. A se- 
ll rous indannnation is charact(M'ized by the ])redominance 

of serum; a hemorrhagic inllanunation, by the presence^ of 
'' numbers of l)lood cells. A catai'rhal inflannnation is one 

II whose exudate contains nuu'h nuu'us (a nuu'ous inflamma- 
tion). Also there are sero(il)rinous inllanunations; sero- 

"^ ])urulent ; fibropurulentj mid otluu* inflanmiations, — terms 

which exi)lain themselves. Sup])uration is a term which 
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Jiieaiis the sanu^ tiling- as puraleiit. Any of tliese forms 
of inflanmialioiis niav ))e acute or clironie. 

ft 

\\\ al)sc(-ss is a localized purulent infianunation in a 
tissue. An ulcer is a localized purulent inttamniation 
U})on a surfac(\ A sinus is a localized inflanunatorv tract 
connecting" two sui-faces. 

The ty])es of inOanuiiation de])end upon the nature of 
tli(» tissue affected; u])on the nature of the irritant; and 
U])on the intensity and duration of the irritant action. 
For instance, tlu^ skin of the hands is less easily affected 
l)v h(nd and cold than tlu^ skin of the Ixxlv. Dilute car- 
l)olic acid ])lac(Ml u])on the sui'face of the hody does no 
dania;^(*, while stron^i;- cai'bolic aci<l will ])roduce local 
(h^tdli of cells. Heat of ^*i*eat intensity will do no dam- 
a;^"e il* it he a])))lied momentarily to the skin, but if a mod- 
ei'atelv hot object be left in contact with the skin for a 
((M-taiii leii.uth of time it may ])i'o<luce a burn. Under 
c(M'tain con<litions a hot water bottle ])laced u])on a ]3a- 
lieiit will burn, whih^ un<l(M- otlun* conditions of health 
and i-esistaiic(^ it would <lo no dama,ii"(\ So, thei'e enters 
into the (juestion tlu^ j)r()blem of individual resistance. 
It is this i-(»lati()iishi]) that accounts for the fact that cer- 
tain bact(M-ia ])i*oduc(^ no effects in oni^ jjerson and disease 
in another. 
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C'HAi'TKK virr. 

Tr.MORM. 

In Uu' old W'lisi. (,r till, ivoril (lie i.X|iivssiini luiiii.r wiis 
ii|)])lici! to swellings of any sort (lioiriiitoiiia, tul)*T<MiloTiia, 
syjiliiloiaa). Vsa^^c in tliat seiisi' is no loufti'r |)ro|>f i- and 
now tlio wonl is a|il)lieil to <-ci-tain ty|ii-s of liypoi-plastii- 
tissno yrowtlis, wliicli aiv more or less autonomous. Tlic 
term ne..|.lasni is still hotter, because it is a in.)re concise 



perplasia. 

"A tuLncH' ]iro|ier," savs ('. P. WlLile. "is a mass of 
i-ells, tissues, or orRans reseuil.linK those n<.rnially i)res- 
eid. hnt arransi-.l aly|iically. It Kirnvs at the e.\|Hm.se 
of the ovKaiiism nillmnt al the same time suliservinK any 
usi.ful fimrlion." 

Tl ■dimiry tnnnns »lii.-li are seen in the «ar<ls of 

hosiiitals I.elons t.i a f..r.m|i UnowiL as the hjii.^l„u„i.<. 
They are .hnived frcan hnt a single tissae in each instance 
and according t.. tln> tissue from which they orisinntc 
their uames arise. F.ir in.s|am-e a Ini ■ srowin.i;- fnnn 
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epitliGliiini is called an epitlielioiiui; fioiu fibrous tifjsue a 
fibroma; from bone, an osteoma, etc. Tliere are also a 
certain group of tumors wliicli arise from more than one 
tissue and tliese ai'e the teratolihistomas or ordinary 
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mixed tumors wliicli are frequently encountered in the 
l»arotid region of the body. 

Depending upon the course vliicli the growth of a 
tumor takes we sjjeakof benign and malignant neo])lasiHs. 
Tile former is one which is not incompatible with healtli ; 
the latter is a menace to existence. 

The following table will indicate the commoner teiiiii- 
nology as well as the origin of the tumors: 
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sorucKs 



nrxTGx 



MALIC XAXT 



KpitlicliiMii (^skiii) 



l^cnii^n c'j)itlH'lir>inii 



' I'jijdlloina (wartSj 
corns ) 
E])itheliiiin (<;Iaii(ls) Adciionia 

MtniiiiiMi'v !jl''JJiil 

K|ntlieliiiiii (»t' iiitcs- ; Adciioina 
tin(\ liver, pjiiicrcjis. 



( 'niiiK'etix (' tissue 
Fibrous tissue 
Fjitty tissue 
l^one tissue 
< 'artiia.i;(^ 
Muscle 

\er\<uis svsteui 
Xeuio^liji 

I'iiolot lu'liuni 
l)lo(»t| \ t'sseis 



Papilloiua; Poly])S. 

i-'ihrouia 
Fi pouia 
Osteouia 
( 'limidrouia 
M youia 

(J lion I a 

l^nddl lielioiiia 
A ul; ion I a 



F^jiitlielioina ; 
cancers) 



(Skin 



('arcinoiua ( Adenocar 

cinonia) 
Carcinonia TAdenocar 

cinoiua) 

( 'arcinoTua 

Sarcoma 
.i''il)rosarconia 
Fiposarcouia 
Osteosai'couia 
( 'linn<lrosarc(>uia 
M vosarconia 



(rliosarcouin 

I'hidntiudioma 
Anjiiosarcoina 



rp 



riic main difiVrcMices bctwtuMi IxMiiun and malignant 



(-> 



tumors is sliowii in i\w rollowinu* tal)l<^: 



UKNKiX. 

Slow Lirow i ni; 

Circuniscrihed ( Fnca|»sul;iled 
Do not metastasize* 
])(i not interfere with liealtli 



:M.\i.i(;xAX'r. 

ii'aj idly ^low in^L: 

.\()t encapsulated ( in'ilt rating) 

Metastasize 

Fi(Mluce e\ ident inteid'erence with 
liealtli by jiressure upon otlier 

ori;;ins. by ]u'oducin,ii anemia, 

ca(dM'xia. et<'. 



Sarcomas aro more frcMjiiciil in youn.i;- individuals. 

(^arc'iiiomas arc more f'rcfiucnl in oldci* individuals. 

Tumoi's arc a])l to he most rrc(iucnl at places in the 
l)odv avIkm'c tlici'c is continued iri'itation. Sucli irritation 
niav he due to l)act(M-ia, to toxins, to other cliemical irri- 
taids, or to inechanical innucnces. Just Avhv tumors 
start to ui'ow 210 oik» knows. 
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TUMOIiS ]05 

Tumors sproiid in two way^ by intiltratioii, i. e., by di- 
rect groivtii into otiiei- tissues, wiiicli are destroj'ed; and 
by metastasis eitlier by the lynipliatie vessels or the blood 
vessels. Sarcomas are more apt to follow the blood ves- 
sels; carcinomas to follow- tlie ]ynii)liaties. 

No one knows what tlie cause of tumors is, and there- 
fore no one knovs how to prevent tliem, or in many eases, 



to cure them. All that is <-('rliun, tberefore. is that the 
most certain cure is to remove Ihciii (•onii)]etely. AVitli 
benign tumors this is usually easy. "Witli nialiji'uant ones 
it becomes increasinj^'ly <lifficult, the lons'er the tunKU- has 
been allowed to persist, tliougb it is true that in a few 
instances s])ontaneous healing has occurred. There is 
some hope at the present time that x-rays and radium 
emanations may have a bcnefK-ial iiilhiencc in the ti'eat- 
menl of tumors. 
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CJfAPTKPi IX. 
TIIK CARDIOVASCTLAK SVSTKM. 

The Blood. 

Xoimally tlu' body contains a certain average amount 
of blood, including certain fairly definite ])roperties of 
lluid (plasma), and the cells (red c(41s, leucocytes and 
platelets). Jn disease these i)roportions vary. Accord- 
ing to the type of variation we speak of (general hyper- 
emia or f/oierdl anemia. Also under normal circrini- 
stancc^s the distribution of the l)I()od in the bodv rcMiiains 
constant. Jn disease^ tln^ distribution varices and we 
sp(*ak of local liyi)eremia or local antnnia, as the case 
mav be. 

l)e])ending upon the constituent of the l)l()od which is 
inci*eas(Ml, there are certain terms in us(\ For instances 
a g(Mi(^ral increase in the total l)lo()(l is spoken of as 
])l(4h()ra; increase^ of the fluid constituents, as hydremia; 
of the red elcMnents, as ])oIvcvtlH*mia ; of the leucocvtes, as 
leukemia. The term anemia covers a large held but 
most fre((uently has refeivnce to diminuation of the hemo- 
globlin concenti'ation of the l)lood. Decrease of the 
leucocytes is called leuco])enia. 1\)tal decrease of blood 
we call olig(Mnia; of iluids oidy, anhydi-emia. 

Hyperemia. 

Ilyp(M'(Miiia may be, as we have indicated, gcMieral or 
local, artiM'ial or vcmious. Xoi'mallv thcMx^ is in the human 
l)odv abont one-t\venti(4h its weight of blood. In infants 
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there is iiioi'e, in old i)ersons less. This weiglit or volume 
of blood can l)e increased tenii)orarily l)y iiijeetino- fluids 
into tlie l)ody, particularly l)y the intravenous route, but 
the fluid so injected, unless it l)e held l)y a colloid, as, for 
instance, gelatine, is very rapidly eliminated. Neverthe- 
less under certain abnormal circumstances the whole vol- 
ume of l)lo()(l increases, or in other easels oik^ of its con- 
stitu(Mits b(H'()m(\s au<»*mented. Plethoi-a is uniformly 
associatcMl with (nthei* i)()lvcvth(Mnia or with one or an- 
oth(M* type of aiK^nia. 

In local hyi)eremias, however, thin<;'s are different. 
AVhen the hypei*ei]iia (or cong'estion) is the result of ai'- 
lei'ial activity, when it is ])roduced ])y the ])resence of ai'- 
terial ])lood, we s])eak of active congestion; wIumi it re- 
sults from d(MM"eas(Hl di'ainage of the blood tln'ough the 
venous channels, we call it ])assive congcv^lion. When foi* 
anv reason the ai'teries oi' ai'tei"iol(\'< ai'e dilated, whether 
by nervous im])uls(\<, oi- by cluMuical caus(\<, moi'e arterial 
blood rushes into the affected ])ai*t. This we call arterial 
(or active) liy]:eremia, or congestion. If, on the otlun* 
liand, without any ])artici])ation on tlu^ pai't of tlu* artei*- 
ies, blood is ])revente(l fi'om hviving an organ, \vc call it 
vcMious (or ])assive) hyjKM-emia or congestion. Active 
(ai'terial) hy])e!-(Mnia is the cause of the very well knoAvn 
blush 01* Hush. It is also the ])h(Miomen()n which accounts 
foi- the increase of blood in a functionally active organ, 
like a muscle, or the stomach. It is the cause of the red- 
ness that ap])eai's during inflaimnation. Passive conges- 
tion, on the otluM* hand, results fi'om incivased venous 
])ressure and may 1);^ cause l)y blocking of a vein from 
within oi* fi'om without. When the lu^art is so damagcMl 
that blood is ])revented fi'om entering it at a noi'inal rate 
hecause of disease of tlie ti'icus])id valve, the liver be- 
comes th(^ seat of a })assive congestion. AVhen the mitral 
valve is damag(Ml so that the blood coming fi*oni the lungs 
cannot ])ass thi'ough it ra])idly (Miough, the lungs beconu^ 
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congested. Air in the pleural cavity, or tumor growths, 
may produce the same effects, and very similar ones fol- 
low the accunmlation of large amounts of fluid in the 
pericardial cavity. 

The arterial hyi)eremias are as a rule transient ones, 
and are in physiologic circumstances associated with 
transient increase of function. When a muscle is exer- 
cised, more blood is carried to it, and with the blood more 
food. Functional activitv and increased food lead to 
growth. The venous hyperemias, on the contrary, tend 
to l)e more permanent — chronic, we call them, and these 
chronic passive congestions lead to the opposite changes 
to tho^^e which follow arterial hyperemias. The dam- 
ming back of venous blood j)revents the arteiial blood 
I'eacliing the parts. The venous l)lood, which is poor in 
oxvgen and other foods, accunmlates and the functional 
cells of the affected tissue tend to undergo atrophy, while 
the fibrous tissue l)econies richer. In the liver, for in- 
stance, the cells affected by the passive congestion do not 
receive^ oxygen enough and commence to degenerate. 
Afore than a normal amount of fat ajjpears in them; they 
shrivel, become atrophic and disappear. At the same 
time the fibrous tissue is accentuated bv loss of liver cells 
and also undergoes increase and the organ becomes 
fibrous-cirrhotic. And also bc^^ause the venous blood 
(some of it) cannot get out of the tissue, the blood cells 
die, the iDigment is set free and stains the tissue. The 
gross result is that the liver takes on an appearance that 
i-esembles the cut surface of a nutmeg and the organ is 
known as the nutmeg liver. Much the same thing hap- 
pens in the lungs. They become fibrous — indurated, and 
pigmented, but some of the pigment and some of the 
1)1 ood passes into the air spaces and is coughed up. When 
free blood is present the sputum is tinged with red; when 
only pigment is j^resent, the sputum is ''rusty.'' 
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Anemia. 

Aij»'!:iia. Iik»- liyj^MtMnia. may Im^ ;^^*Mif"i*al or local. Geii- 
♦'lal aii«'ijjia luay h<' i^-aii^^.l hy lai";r«^ >iii^"h^ losses of blood 
a> fi'oiij lar;:«' li<'!n(jnliauv>. oj- }>v maiiv >iiiall losses. Se- 
vi'H^ 'j:rii<\i^< ()\' aii^'inia iiiav ]»n caus^Ml ])v the small fre- 
fjiH'iit lj<']iioiTliair»'S n<»m lit-moi-rhnifls. M(»re frequently, 
)jo\\<'\'«M-, >ev«M»^ aii»Miiia i> tlin i>^>ult of intoxication with 
-ul)^taIie<^- wliieh caii.-H de-tructioii of the red hlood cells. 
TIk^ so-ealh^d ]MMiiiciou> anemias, or ])rimary anemias, 
ar«' ahio>t c«^rtain!y of infection- origin, although there 
is tlie ])(j»il)ilitv that some forms mav l)e the result of 
w«^aijij;^" (nit of tln^ hh)()d formim:" ti>>ne of the ])odv. 
TIk' jn'imary an«M!iia> ai'n tli()>e \vli()>e causes we have 
not (li>c(n'»M'<'«h Tin* xM-oiidary anemias ai*e those the 
'•aii.-«'S of wliicli ar»^ known. 

Local anemia.- <i.]'»^ a> a rule the result of interference 
\\illi tlie Mood llow. Sii''li interfei'ence may take place 
witliin the ^-«v->rl> ()]• hy ])]'es>ure from without. One of 
lli«' h«'>t examples i> a 1)^m| soi-e which is the direct effect 
of ex! i-a\a>cuhu- ])i-es>ui-e. \Vli«ui the l)lood supply of a 
}.ai1 i> cut off, that ])ai-t dies. In the case of the l)ed sore 
((l<*cuhitn>j tiip ai'ea is n>ualiy circular, and corres])onds 
1o tlie ]>re.-.-ure. In tile cas(^ of ,uaii.ui'(Ui(^ of a le^;- pro- 
«luce(| a- a rule hy int i'a\'ascular distui"l)ances, all the tis- 
ane.-, wliox' l)loo(| supply is cut off. die. 

Sometimes it hai)])(Mis that the hlood su])])ly of a ])art 
i- inler)-uj ted for hut a short tim(\ In most instances 
onl\ lemporary effects ai'e ])roduced. In other cases the 
interfer<uice i> ]j(M-man(Uit hut because of collateral patli- 
\\a>> hlood still i-(^ach<\< IIk^ ])art in sufficient amounts to 
pre\-ent death or necro>i>. .Vs time ^u'oes on these collat- 
er;il.- heconie moi^e aiid nioi-(^ sufHcifuil imtil thev are com- 
pletely ahle to sati>fy the needs of the tissues. It also 
i- true that sometimes the collatei'als ai'e sufficient pro- 
\i<|e(| the hloo<l sup])l\' i> not shut off loo suddenly. If 
lilock'uLie occui-> slowlv euouu'li. th(^ collat(U'als mav ac- 
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counnodato tliemselves wliereas it* tlie main current is 
suddenly shut off they are not sufficient. It therefore hap- 
])eus tliat tlie effects of a local anemia will vary with the 
rate of its production and the de^'ree of its completeness. 

Edema. 

When we speak of edema we mean a condition whicli 
results fi'om the presence of too nmch water in the tissues. 
Hence the tei-m lii/drops. It is a syjiiptoni which is asso- 
ciated with kidney disease, heart disease, lun^- disease, 
and general anemias. It is encountered dui'ing preg- 
nancy, dui'iug the lattei* ])ai*t of Avhich the feet and le<;'s 
often swell. It ap])ears in the hands and fingers after se- 
vere and unaccustomed manual exei'cise, oi- even after 
long walks. The palms swell aftei* catching a hasehall — ■ 
especially early in the season, oi* after I'owing a boat. 
.Moreover swelling is a symj^tom of inflammation. Tnder 
these circumstances the water is held in the cells and tis- 
sues of the body. When it is general, we speak of 
ana. <^(( )'('(( or gxMUM-al dropsy; otherwise* it is knoAvn as 
edema. Sometimes fluid a])peai's in the cavities of the 
bodv. AVhen the abdominal cavitv is affected we si)eak 
of ascites. In other easels we s])eak of ])leural or peri- 
cardial effusions, or of hydi'othorax, or hydro])ericai"dium, 
if the pleural or pericardial cavities are involved; of 
hydrocephalus, if the ventricles of the l)i*ain are affected. 

Kdema is the ivsult of the presence of too little oxygen 
in the tissnes. If we give an aninuil a poison which re- 
duces oxidation in the body — which makes it im})ossil)le 
foi- the tissues to use oxygen — and which at the same time 
will not cause tlu^ death of the animal or tissue, the tis- 
sues swell. Jf we interfere with the ])!ood stream so that 
the blood cui'i'ent is slowed and too little oxygen reaches 
the tissues, they sAvell. If Ave decrease that part of the 
l)lood Avhich carries oxygen to a jioint Avhere thei*e is not 
enough to cany a sufficient amount of oxygen to tlu* tis- 
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sues, they swell. In i)re,^iiaiicy tli(^ fetus in utero presses 
uj)on tlie great veins Avliieli su])i)ly the legs of the moth- 
er with l)loo(l. The blood How is decreased and the feet 
and legs beeonie sAvollen, — '* dropsical." Tight garters 
will do the same thing and pro(hice the same result. In 
severe anemia, in cldorosis or pernicious anemia there is 
not enough hemogl()1)in, or not enough red blood cells, 
or both, to carry sufficient oxygen to the tissues, and the 
feet and legs swell — ))ecome i)uffy, so that the shoes are 
too tight. In heart disease avIumi the blood does not cir- 
cuhite rapidly enough through the lungs, esiDecially Avhen 
the arterial l)lood floAv is interfered Avith, the lungs be- 
come edematous. 

The reason seems to b(^ this: Avhen the substance of the 
tissues (the i)rotoplasm) is broken doAvn to furnish 
energy, acids are produced. AVe know, for instance, that 
during nuiscular actiA^ity, lactic acid is formed in the 
nniscles. If the blood supply is good, enough oxygen is 
fui'nished to oxidize the lactic acid and split it until the 
acid part is represented by carbonic acid Avhich is ab- 
s()r])ed bv the l^lood and excreted as carbon dioxide. If 
not enough oxygen is present, then jjart at least of the 
lactic acid remains as such. It has been found that anv- 
thing in the nature of protoplasm, — gelatin, fibrin, egg 
albumen — takes up or al)S()rl)s Avater Avhen it is placed in 
Aery dilute acids. So it happens that Avhen not enough 
oxygen is carried to the tissues by the blood, the acids 
accunmlate and the tissues absorb Avater from the blood, 
and SAvell. The sAvelling Ave call edenui. 

Thrombosis and Embolism. 

Local anemia is vei*y frecpiently the result of the block- 
ing of blood vessels from Avithin. Such l)lo(*king may oc- 
cur as the result of thrombosis or (Mubolism. 

Tlioml)osis is the process Avliich results in the forma- 
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tion of a clot Avitliin a blood vessel during life. It may 
])e the result of one or both of two factors. 

1. Injury to the vessel wall by toxins or other poisons^ 
or by traumata, When a vessel wall, especially the 
intinial cells, are injured, a substance called fibrin fer- 
ment is set free, which acts upon the blood and causes it 
to clot. The process of clotting* begins in the immediate 
region of the cellular damage and so the clot remains ad- 
herent to the wall. It then proceeds to enlarge by pro- 
gi'essive clotting until the lumen of the vessel is filled. 

2. Changes in the constitution of the blood itself, 
Certain substances cause the cells of the blood to break 
up or to change the physical character of the 1)1 ood, and 
so make it more easilv able to clot. From the cells of 
the blood itself fibrin ferment may be set free and then, 
particularly if the blood is more viscid than usual, or is 
Howing more slowly, it may form a clot. 

In (»ithei* case a thrombus is formed. 

The result, thrombosis, is oT course local anemia be- 

ali- yond the thrombus, and if this anemia is comi)lete, then 

If k)cal death or necrosis follows. If the trombus is in an ar- 

ill,. tery of an organ like the kidney or lungs, the death is as 

a rule more rapid, and also the area that undergoes death 
has a tendency to b:^ wedge-shaped, with tlu^ a])ex of the 
wedge at the thrombus. If the thrombus is in a vein, the 
tissue death is apt to be sloAver though the area is still 
wedge-shaj^ed. In either case Ave speak of infarction. 
An infarct is a wedge-shai)ed (as a rule) aj'ea of com- 
])lete local anemia in an organ and is caused by sudden 
interi'uption of the l)lood supi)ly. 

It not infreciuently hap])ens that a thrombus is formed 
within a vessel Avhich supplies a tissue Avhose collatei'al 
circulation is sufficient to ])revent death. Sometimes, 
hoAvever, from such a thrombus a piec(^ breaks off and 
])i-oceeds in the blood stream until linally it reaches an- 
otlier smaller A^essel Avhich it plugs. Such a free bit of 
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tliroiuhus is called an rinholHs. All cmholi ar(^, however, 
not foi*]ue(l in this manner. A ehini]) of l)aeteria, a bub- 
ble of air, a ^rou]) of fat cells from the medulla of a frac- 
tured bone, a <»r()n]) of tumor cells, oi' a few placental 
cells, may l)e set free in the blood stream and produce 
embolism. An embolus is a foi"eifz,n l)ody which l)locks 
com])letely or inc()m])letely, from within, a blood vessel. 
The commonest exam])les of emboli are fi'ag"ments of val- 
vular cai'diac ve<;-etations which are broken off aiul are 
cari'iiMl to the coronary artei'ies or l)rain, where they pro- 
duce^ sudden death; or to the lun^s, kidney or spleen 
where they ])roduc(» infai'cts. Infarcts may be produced 
bv throml)i or emboli. 

The Heart. 

The heart is a sei'ies of cluunhers that have develoi)ed 
by dilation of a cei'tain i)art ol* tlu^ vascular system. Its 
walls ai*e lihi-omusculai*, and its chambers are separated 
l)v valves which are nnu'elv I'eduplications of the endo- 
(ardium. TIk^ movcMnents of tlu^ heart are influenced bv 
a conducting- mechanism which is c()m|)()sed of nuiscle 
libel's oi" an embi'vonic tv])(\ and bv a svstem of lu^rves 
helon^in;;- to tli(^ va<;'o-sympatli(»tic system. The nervous 
mechanism modiiies the contractions ot* the nuiscles bv 
])r()duciii'i' clian,u'es which result in inci'eased or de(*reased 
irrilahilit V of the mvocardium. 

The chamhers of tli(» In^ai't sei->'(^ as containers of 
hlood: the muscles act in movin^i;' the blood; and the 
\al\<'> >er\'e to dii"ect the llow of the blood. 

l\-ith<>h>,L;ic chaiiucs in the licai't are the results of ])roc- 

< sses which alTect the nuisch's. the valves, the conduction 

s\'>teni or the nerN'ons >vsten!. 
• • 

Lea\in^ out of considei'at ion the <le\'el()])menta] de- 
I'ects, we inav sa\' that the conditions of th(^ cliambers of 
the heart are the results of ( 1 ) the amount of ))1()0(1 the 
heart ni'i^l i('C(''iri\ and this depends upon the conditions 
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existing- in the jDeriplieral vessels, and in tlie blood itself 
(caliber of the vessels, elasticity, viscosity, resistance), 
and upon the condition of the valves (efficiency) ; and (2) 
n])()n the amonnt of l)lo()d they can contain and this de- 
I ends npon the condition of the nmscnlatnre. 

The nniscnlatnre of the heart is influenced bv but two 
sorts of influences, i. e., mechanical and chemical, if we 
class nutritional disturbances as chemical, as we should. 

We may pr()2)erly say, then, that the nuisculature of 
the heai't is modified l)y (1) the mechanical conditions 
under which it acts, which means, the work it has to do, 
and (2) the chemical conditions under which it acts. A 
heart (h:>ing a noi'uial amount of work, that is one which 
is working within ])hysiol()gic limits, has, other things 
being e(]ual, a normal nuisculature. The walls of such 
a heart ai'e of characteristic thickness and structuiv. A 
heart (h)ing increased work either because of increased 
blood 01* increased woi'k either because of increased blood 
or inci'eased arterial pressuiv, howevei', behaves differ- 
(Milly. T^rovided the food suj)])ly is sufficient it undergoes 
liy])ei-tr()pliy, as we say. The walls l)ec()me thicker, the 
nnisele 1ib(M*s become lai*g(U' and more numerous, while 
the caxities ivmain of normal relative size. But if tlu^ 
su])])ly oF food is not sufficient lo meet the increasinl de- 
mands, the com]:ensatoi*y hy])erti*()phy is not as marked 
and the cavities become larger, both i*(^latively and abso- 
lute! v. On th(^ otluM* hand, if the amount ol* work ac- 
('om])lisIi(Ml is small in amount, or if the food su])ply is 
l)ut moderatelv insufficient, as is ti*ue in cases of under- 
nutrition, in cachexia, etc., then atr()])hy results, and 
atiopliy of the myocardium is a])t to be ac(*ompanie(l by 
at least a modei'ate degi'ee of dilatation. We may con- 
sid(M' that we are dealing with work, increased, ovei'work, 
and hiclv of work in these cases. It is only when a heart 
is overworked that dilatation of clinical im])ortance 
occurs, that is, only when the food su])])ly is insufficient 
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to meet tlie deiuaiid of increased activity. In such cases 
we are dealiii<>' with muscular fatigue, with tlie accumu- 
kitiou of tlie chemical products of uietabolisui which can- 
not be removed rapidly enough to allow normal meta- 
bolism to proceed. Tone is lost, the nmscles do not con- 
tract in a normal numner, and the cavities of the heart 
become larger and are less promptly and completely 
emptied. The chemical cardiac intoxications, such as we 
iind in the anemias, and those i)i"0(hiced by toxins, and 
])oisons of other sorts, produce similar changes except 
that the i)ure work element, hy])ertrophy, is absent, for 
the reason that in these the active agents do not act as 
stimulants of the nmscle, (k) not increase the work of the 
nuiscks but act from tke iirst l)y decreasing the ability 
to do work, and so they bring about from the start proto- 
phismic changes which are f(mnd only in cases of chronic 
overwork. If the substances acting u])on the muscle are 
in dilute solution the changes are slow, and progression 
occui's from edema to fatty degenei'ation, atro])hy, and 
neci'osis. If the solutions are concenti'ated the gradua- 
tions are abscMit. In i)ernici()us anemia, the heart nmsck^ 
is ch)udv and fattv; in sucUUmi local anemia, as in in- 
fai'ction, tlie musch^ undeigoes jieci'osis. In certain in- 
toxications, di])htlieria for instance, the heart may do 
very well provided no burden is thrown u])on it. But 
])lac(^ a sndden sti'ain upon it, ev(Mi that due to sitting up 
in l)e(l, and what was noi'nial woi'k becomes overwork, 
l)ecaus(^ of the daniagcMl muscle and its inability to use 
the niati'i'ials present in the blood. Orrni'ork depends, 
nierejOre, on tJic coiifHtioji of the niHscIe (it the t'nne the 
stnihi is put upon It. 

When a heart becomes lii'ed ont so that it no longer 
does its woi-k easilv, it nn(lei*i;()(\< dei;(Mierali()n — usuallv 
fattv (leji'eneration. Also at the saiiu^ time some of the 
libel's disa])pear and their j)lace is lak(Mi by adi]^()se or 
fat tissu(^ or lii)rous tissue. In the one case we s[)eak of 
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a fatty lieart, in tlie other of fibrous myocarditis which 
is often a misnomer for myocardial (or cardiac) fibrosis. 
But fibrous tissue may be increased in the heart as a re- 
suit of inflammation, and then we may properly speak of 
myocarditis. Under these conditions, bacteria gain ac- 
cess to the myocardium and by their growth and activity 
kill, or cause to degen(n*ate, the muscle fibers. Also, at 
the same time, exudation occurs between the muscle 
fibers. According to the character of the exudate, we 
speak of a suppurative myocarditis or hemorrhagic serous 
myocarditis, l^siuilly we speak merely of an acute in- 
^ > terstitial mvocarditis. As the inllannnatorv lesions heal, 

fibrous tissue is produced and so tlie healed heart will 
hav(» scars in it just as any other organ may have, l)ut 
since during the inflammation some muscle has l)een de- 
stroyed, and since nuiscular tissue does not regenerate 
easilv, the heart is weaker than a normal one. 

Strain and infection mav also affect the heart valves. 
Of the two processes the second is by far {\w mow im- 
]:ortant. The bacteria whicli cause the infection may 
lodge upcni th(» valves from the gen(M-al circulation or 

mav reach the interior of tlie valves bv wav of the small 
• • • 

vessels which su])ply them. Since the latter method is 
more frecpient and since the valvulai* vessels ai*e moi-e 
numerous in infants and young pei'sons, it follows that 
acute valvular endocarditis is more fi-equent in young- 
people and that the ''valvulai* heart disease'' of adults 
is more ai)t to be chronic. 

AVhen bacteria arrive u])on oi* in a valve, the cells of 
the endocardium are sooner or later damaged and from 
them iibi-in ferment is set free. Then, just as ha])])ens 
in a blood vessel, a thr()ml)us is formed, and is usually 
called a ref/efdfiou. Llcnce we speak of vegetative en- 
docarditis. The things which may hap])en to such vege- 
tations are the same things which unxy ha])])en to any 
thrombus: it may ho organized; it may soften and ru])- 
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I''i.^^ ■^^'- -A >ilu'inatic r<,])r(.>cntaii()ti of tlu- m'"<^' ''•■>' circulation (tf llu' body. The 
blood k-avcs 1 lu- left vt'iitriclc '/./') and cnt(i> tin- aorta tiiroutili which it passes to 
the visccial and pci"ii)hcral V(.--^>cl- to >iniiily the abdoniinal cri^ans and the limbs. 
It leaves till- aorta and throuj^h the carotids and vc-rteltr.ds ^uiijilies the brain. Alter 
jtassins^ lhioni;li the various <M^an> it i^ coiKcte(l into the two cav;c and is returned to 
the heart which it etUers tliroimh the rii:ht auricle (/v'.Z). h'rom there it passes to 
tlie riuht ventricle ( l\ l' ) . h'roiii tin- rii:ht \c-iuiicle it is cairied to the lungs by the 
pnlnionaiy aiteiy (/'./), and i' tluii reaches the let't auricle il..\) through the i»ul- 
I'loiiary veins (/'/'). The iiulniouaix' \v\\\ caiiics .irUritJ obiod. Sujipose the mitral 
valve is VI) altectt'd b\' disea>-e that it i~ no ]:)ngei" aiile to preveiU the l)biod from being 
loreed liack into the h-lt auriclt ihiring \'enlricnlai svsl.'lc- t in^ulhcieiu-y ) , at every beat 
o1 the heart some ot tin- IiIimmI wlncii should be ^eiit into the aorta is pushed back into 
the auricle and e\enluall.v into tl'e Innys. Tht.- luni;- beeoim; the ^eat of a "passive 
conL;c'>t ini)." l'",\-enl ually t!ie l<ae!< inawurr etlecl^ the nnht ■-.i(b_- ot tlu- heart also s:) 
that the iaL;Iu ehainbeis beeoiiu- ddat'd and a t U r a tuiu tlu tricuspid valx'c i)ec(>iues 
unable to pi-e\(nt rellux of blool ( lu vnttieieni'\ I . 'i'lu-n, lU .-oursi-. the liver and other 
\i-<'er,' \\ \\\ become pa-v)\'ely enii'^c.-tt-d. It there aii/ clot- or ■^ro\\lli^ (vegetations) 
u|ion tlu- imt'al \al\"e. as m rl'cu'naiie \v\v. a:ii! one or mou- of tluse are bi'oken otT 
.-'.nd bec-oriie \\w- in tlu bbio,[ -treann ibev will be- cirriecl wuh the blood until they 
iieeonu' caiuilit in sinne -mad bbiod \e--e] (aiMery wr a''tern)lei w lucii will be l)h;gged 
I in 1 ai'ctn n . ^ . 
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lure or ivniain cystic; or it may l)e infected ami l)reak 
(town. AVluMi the last tliiiifi' happens we speak of an ul- 
ceralivr (or iiiiili^tiant) endocarditis. Tiils of tlie in- 
fected material carried away in tlte Mood stream, cause 
infected infaix-ts in other organs — embolic infarcts, tliey 
are often eail<'<l. If tlie bits of vej!;etatioiis aie not in- 
fected they form hlaml einholi and cause infarcts which 
are not infected. When orfjaiii'/.ation of a vej^etation oc- 
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i-uis. |l!,. iiuiiiluT of .■i,|,illaii..s ill it is iiicn.iiscl, an.! «i 
IIS it lirals tlii'iv is iiii-ii-iisi.d ii]i|iiirtuiiity liir ii sai-oiiil iii- 

jVi-liiiii will. II iiiii-ti'iia niv ]m.si-iit in tlii' lil I. Tills ai-- 

i-oiiiils lor till, lai-t tlial a ]iiTs,)ii ivliii has lia.l an ai-ati. 

I'nilocanlitis, is apt to liavi' iii^w attni-ks ot tliv sa 

liisoasi-. ir iviiiri-i-lion (loi's not iii-nir, tlicii tli.> viilvo:. 
i-oiii,. to liav,. iiion- tliail iioniial lilirolls tissiio in lliiaii 
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wliicli makes tlieiii rigi<^l? ^viid as it (*oiiti*acts, pulls them 
out of shai)e so that the valve no longer hoUls the blood — 
is no longer eom])etent. It produces valvular insuffi- 
clencif or incompetency. Later, when the contraction 
has gone so far as to obstruct tin* flow of blood, we have 
l)roduc(Hl a valvular stenosis. 

AVlien blood is hindered in passing through the heart 
it tends to be danuned l)ack into the organs behind the 
valve. For instance, if the mitral valve is stenotic, then 
the left auricle is apt to be dilated; and the lungs w^ill 
be the seat of a passive congestion, and also because the 
left auricle will do more work in ])ushing the blood past 
the mitral valve, it will luidergo hyi)ertrophy. The 
series of events api)lies in the case of each valve. AVhen 
incom])et(^ncy of a valve occurs much the same things 
occur. If the aortic valve is incomi)etent at each systole, 
some blood Hows back to the heart from the aorta. The 
Jeft vcMitrich' consecjuently has more woi'k to do, and this 
it meets by hy])ertr()phy. Then it becomes fatigued in 
the long run and undiM'goes dilatation. Still later, the 
initral l)econies incom])etent because of the ventricular 
dilation and tluui the series of changes occui's in the left 
aui'icle — and so on. 

The Blood Vessels. 



The blood vessels ai*e the organs tlu'ough Avhich food 
(including oxygen) is cai-ried to the various parts of 
the bodv. Tliev arc clastic tubes c()mi)()se(l of lavers 
ol' nuiscular, clastic, and white fibrous tissue, and are 
lined with en(h)tlH'rnnn. 1'he smallei* vessels, the capil- 
lai"i<'s, aiM' composed only of an en(h>thelial niembrane. 
So far as they can !)e se])arate<l from the blood itself, 
(hev are fnnctionallv i!n])oi-iant mainlv because of thi^ir 
elasticity. This ])liysical con<lition is (h-pendent upon 
the (juality of the bhxxl, and modilications of it are 
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probably iiivarialily of toxic {oi'sanic or inorganic) and 
most frpqncntly, infections, origin. 

The nmscnlatarL- of the blood vessels is automatic in 
exactly tlie sanii' way, though not in the same degree 
as is the cardiac muscle. Also it is affected in a similar 
way l)y the vasomotor system, which corresponds to tlie 
vagosympatlietic system of tlie heart. 

So long as the quality of the blood is normal, the con- 



gree Ihe efficiewy d 
»ch <.r the niiiscle y 



dition of tlic musculature remains normal, and the blood 
pressure is preserved at a normal level. But let tlu' 
quality of the blood vary and immediately the condition 
of the muscles is modified so that either it responds to 
otherwise inelTicient stinnili, and contracts, or fails to 
respond even to normal stinmlation and relaxes. In the 
first case tlie blood pro.ssur(; rises and increased work is 
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tlifowii upon the liciift. In tlic sccollit case tlu^ blood 
]H('>^sui-(' I'nlls. imd njiaiii iiicrcasi'd wurk is tlirowu upon 
tin. Iicart, or, tlir oxtrcnip uiay luii'l>''". "H iuci-utlvo to 
work is rcniovc'd Troni tlu' lii-art and it coasc-s. 

A consistently iiiifji ])ressure ])r<)(luces one or two et'- 
tc'Cts. rt leads to cardiac liyi)erlr(i|)liy and it li'ads, if it 
]>ersists. in liypei-tropliy ol' the nniscular coats ot the ar- 

tiu-ies (so lonK as the sniiply of f 1 is suflicient), <]]■ to 

degeneration and atrophy lit the nniscular coats (it the 
f 1 supjdy is not e(|\ial to the demands). 

In toxic cnn<liti(Uis Ihe same tliini^'s are tine but are 



merely modilied hy th,' ainu.rinal ciuHlitions irluch hriuR- 
it alMUlt find I'atifrne of the nmscles occurs carlicT'. and 
the ji;ross lesions ai'e moie apt to he I'ocat. particldnrly 
in those of infectious origin. 

AVI the muscle! of the vascular system is daiuased 

so that strain of tile walls occurs, the stimulus of the 
strain is I'elt liy the lihrcnis elements. Thi' residts id' 

this in the vessels is the same as ill other tissues, na ly. 

lihrolis hyperiilasia, iind since liliroiis tis.-ne is not elas- 
tic ill the sense tlnlt either muscle tissue or elastic tis- 
sue is. the vssels hecoine |ierninm-ntly im.laslic. 



It 
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Even, hoAvever, with a foiuparatively hi^li grado of 
inolastieitv, the circulation ]nav l)c maintained at a level 
consist(Mit with the nutrition of tlie tissue. But let the 
lumens of vessels b(^ diminished in calih(»i* and the nutri- 
tion of the tissue suffers. Diminution of caliber occurs 
when there is a diffused toxic substance present in the 
blood; for instance, in lead poisonini*'. In this and sim- 
ilar conditions tlie vascular effcH't tends to be g'lMieral- 
ized in the smaller vess(4s. 

In the ,i>'r(^at vesst^ls the lesions tend rather to be focal 
than .general, for the I'eason that tin* toxic effects tend 
to I)e ])roduced first in the neig*hl)()rh()()d of the vasa 
vasoi'um, in and al)out Avhich the lesions are similar to 
those which occur in the smaller vess(4s, especially the 
arterioles, (^Isewliere. 

In old individuals, and in th(^ absence of infection ar- 
tei'iosclerosis tc^nds to aj^jx'ar as a combination of de- 
generative ])rocess, which involves the nuiscularis, asso- 
ciat(Ml with fibrosis. In su(*h cas(\s the h^sion is a senile 
one. But the more serious form is that which occurs in 
voungiM* ])ersons and which is associated with, and char- 
acterized l)v, the changes we call inflannnatorv. This 
foi'ni is characterized bv the verv connnon svphilitic 
aortitis. 

Artei*i()scl(M*()sis : 

Infections — (aoi'titis, art(U'itis). 

Xon in feet ions — s(*nile artei'iosclerosis. 

it is in artcM'ial conditions that ar(^ charactei'ized bv 

• 

focal degeniM-ation and inflammation that abnoi-malities 
of the normal foi-m of the lumen, such as dilatations, tend 
to appeal*. Such dilatations are calbnl aninirysms. Such 
a))n()rmalities occur also as a result of trauma, which 
])roduc(^ localized weak(Miing or breaks of continuity ol* 
the vessel walls. AVhen the v(^ss(4 Avail forms the wall 
of an aneurysm, wo speak of a true aneui'ysm. AVhen it 
d()(\s not, we s])eak of a false an(nirysm. 
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It has been claimed l)y iiiaiiy tliat in the prodnction 
of aneurysm, strain is tlie most important factor. This 
has been said l)ecause aneni'vsms tend to occur in indi- 

« 

viduals wlio do heavy Avork. It seems however that 
strain is entirely secondary; that it is active only be- 
cause preceding* it the vessel wall has been damaged so 
that a sudden increase in l)lood pressure is able to over- 
come the resistance at a diseased part. 

The blood vessels mav also l)e affected l)y the inflam- 
matory process (arteritis, phlebitis), which do not lead 
to sclerosis. In some instances the vascular involvement 
folloAvs a perivascuUir disease, in others it commences 
intravascularly ( septicemia, septico-pyemia, embolism, 
etc.). Such inflammatory conditions result very com- 
nionly in interruption of the blood floAV. 
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CIFAPTKR X. 

THE VRIXARY SYSTEM. 

This system is coinposcd of the kidneys, the ureters, 
the iirinarv l)hidc]er and the iiretliva. In the kidnevs 
the Avastcs of t\w l)()dy (t'l'co Avatoi*, salts, and various 
other siihstaiK'cs) ai'e s(*])arate(l from the l)lood, and 
l)assed into the ureters and l)hul(h'i' and thence into the 
ext(4-nal Avorld thr()U.i;li llie urethra. Lesions of tlie kid- 
]iev result in retention of toxic inaterials in the blood. 
Lesions of the otlier parts of tlu^ tract cause interference 
with the (lischai\i>'e of mine. 

The Nephroses. 



'"m 



The term ne])hr()sis is an inclusive one. It includes 
all the diseases except tunioi's from Avliich the kidneys 
suffer, from nier(^ edema to the ti'ue iuHannnations^ 
whether su])|)urative oi* non-suppurative. It therefore 
includes wliat we s|)eak of as nephritis, or Bi-i,i>"ht's dis- 
ease. 

1'he teriii ne))hritis includes two concc^ptions : ()]ie of 
tliem clinical, the other histo]o.i»'ic, or if you ])lease ana- 
tomic, dinically it means the ])resence of certain cpial- 
itative ()!• (juantitalive urinary variations, which are^ 
.i»'enerally s))eakin^", increase^ oi* decrease* of the total 
amount of urine and the ])i-escnce of albumin and casts 
in the urine. In the anatomic sense it means this and 
sometliini»' moi-e. It jueans innannnation, which is to sav 
the kidnc}' is the seat ol' certain vascular and perivascu- 
hir cliaimcs which we associated >\ith a vm-v distin(*t his- 
toloiiic |)i:'tuiM', in which vascuhir dilatation, con^"(*stion^ 
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and cxiidatioji aro in tlte foref^roimd, Alliuinin and cfit^ts 
in the urine may be produced l)y any prncefis whicli <lis- 
turl)s sufficiently tli(' nutrition (or metabolism) of t!ie 
ri'nal (■<'Ils. Inflammation is one sncli pi'ocess. 

Tliere are three ntaiii types of renal lesions. IMie sim- 
ple iiei>hr()ses, inelndiuf^ simple edema and simple ne- 
crosis; till' ne|)hrit!d<'s or inflannnatury neplii'OR<'s; and 
the renal atr-ophies, including the arteriosclerotic and 
ditTuse Jiephroses. 



The Simple Nephroses. 
This ^roiip is .me which is fundamentally the most 
important. In it an- inclii<h>d all those types of renal 
disturliaiice which are tlie result of ]>artia] or coiiLplete 
lack of (>xy!,^en. from the edema of the atlih^te. and tliat 
of i!h^ soldier <m tii.' march, both of wliicli are Ix^nign 
an<l transient, to tlu' sudden coniplei<' necn.sis of in- 
farction. In it belong the toxic necrotic conditions which 
are the result of the action of organic or inor.iranic poi- 
suiis. In all th.'sc albumin and casts appear in tli.> urine: 
in all the iiuantiiv ..f urine is diminished. The main <lif- 



j:l:^ I rNIUMBNTJI,s ui- i..vriHii,ci,iv 

IVrciKT tliat iii'.'ds 11 ticiii ill discusfiiis tlic^w- simple 

ii.-|.liios,-s. is tliot ill tlir l<iiliH>y, ill' I'cl n. tlic (iiKiiii iiiay 

li'tuni to :l cullililcti'ly iHniiiJil ('(UHlitioii very rapidly: 
ill till' tcisic dc-sTiiiTatcd and ill til,' inraictcd kiiliicy, tiic 
I'liaiiccs an. tliiit tliis does not iicc-ur. hut tliat an incrcas" 
ol' scav tissiio is round as a part ol' a secondary inflain- 

niatory in-i ss. In tlio cnso cit tin- inl'airts, tlio scar- 

liiiK is localized: in cases ot certain cheinieal intoxiea- 
tioiis. it is diffuse. 



The Atrophies. 

,'<illlilai- ill SMlllc rcs]iects to tile siii]|ile nepliro.scs alT 

llic alni|iliies. 'I'licsc, lite tile for r. dc|i,.iid for tlieir 

urinary plicniniiena n| lack of nxyeen. lait the cause 

ill tliis instance lies not in tlie compositi f tin- lilood. 

Inn in llie ,■ litioii of tlic hi I vessels, niiicli have heen 

soehaliKeil hy •ninitlicr laclor. thai tile lihiod. (|ual- 

itntively perfect thrnicli it he. iloes not reach the cidls in 
snllicicnt aiiiinmls over Ions licriods of time to keep them 
at a i.hysiolosically active level. What haiipcns to tile 
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kidiii'V ill iirtri'iosclcrosis is fXiictly wlLiit Yvuiild lia|)l>cii 
to till' kiilllry lit II moilcni siiiipli. (.ilciiia. providi'il tlic 
wli'llla wciT rliriiiiic. ivliicli is to say, ]n'()viilcil tlii' cii-- 
culatiiry cimilitiotis rfiiiaiiii'ii tlic saiiii'. In tin' renal 
I'lli-inn (if till- sprintiT, tlio (ixyscii sniiply in tlii' lili.oi! is 
nut (initi- siifBi-iont I'lir tlii' ci'lls iil' tlic kiilnvy. In tin' 

aiti-riiisi-liTutii- ki(liii-y. tin' i.syKi'ii in tlic 111 1 is siilti- 

i-init Init it i-annot ivai-li tin- evils nipiillv eiiniigli. Tlie 



resnit III- tills ileeieaseil aeeess iif tile lells to iixysvil is 

llial tliey iiiiileisrii atrnpliy, I me smaller, anil some of 

tl lisa|ipi-iir, iir il' tlie |iro}rress ot tile vasnilar ilis- 

easr is somewliat more iil[iiil they iiiiiIer.i;o ileMeiieriitioii 

anil ilisapiiear, ami in vaiiisliiiiK leave the str a ot llie 

oritan aiiparently inure almnilant, relatively inereaseil, 

anil this t Is to ]iMiiliiee tile n|ipeaniliee of sclerosis or 

liliiosis ill tl rftan. ,\rtiially sm-li an atio|iliir oi-f;aii 



i-i)iit;iiiis iii> iiKiiT liliroiis tissue tlian n iioniial oi'^an, — it 
iinTcly ])oss('ss<'s less iiarcncliyma. 

The Nephritides. 

Tliis fin.iip of til.- iK'iilin.scs is cli!U'acl--rize.l. so far 
as the renal imieiieliytna is <-(>ii(-ertic(l. hy all tlie aiia- 
tdMiic cliaiviit's wiiicli arc jireseiit in tJie rnr'iiier ^'roups, 
aii<l l.v cerlaiii otlu-r rcatiin-s, \vhic-li are elearlv infiam- 



iiiatnry. In all llie t\jies (ine jilieniiineiion dominates the 
l)i<'tnre, and tliat is tli<- oik- wc term exudation which 
may or may not lie assoeiat<>d with fibrosis. It is from 
tlie olivionsness lA' tlie assr)ciat(-<l lil»rosis that wo are 
leil lo sjieak of an a<-ii1e or a elironic inflanmiation. 
Fibrosis in tli'- abseriee of I'xudation docs not spell in- 
llainination. tU-uixU it may he ;i se(iLicI oi' it. A sclerotic 
kidiH'\- is not necessarily one .,r interstitial nc|)hritis. 
it has l)ccti enst'imarv tn siicak of i)arcnelivmatoiis and 
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iittcistitial nciiiiritis, and of liciiioiTliaKic and suppura- 
tive, and as <fl(mifnilar. tul)al, and ditTiiyo, and furtliii-r 
a.s aeuto and eliroiiic. Tlicsc tcnns ai'c Ihiwcvit nitTcly 
lu'lpful ill cliaracterixiiis ncpliritidcs I'rom tlic stand- 
point of Kcneral extent. Tlu' process in all the eases is 
tlie same. It vacie.^j only in tlie extent to wliieli it af- 
I'eets the ki<lney, in tlie type of exndation, and ttip rapid- 



ity of its development. All forms of intiainmatimi are 
es.«entially intei'stitial in type, and tlie peculiar and some- 
time.-; charaetei-istie elian^'es wliieh one observes in tlie 
})ar('neliynia are seeondary ones due to distiirliancps of 
mclaliolism resultinj,^ fr<)ni poisons wliieli reacli the cell^ 
from foei oL' inflannnation, or from laek of oxygen which 
is the result of perivascular conditions. There are times 
Avlieii these secondary changes dominate the picture: 
wlieii the parenchyma lias nndeigone fatty or soapy <]e- 



13(i rrXliAMKNTAI-S ()]■■ l>ATII()l.(l(iV 

s-vin-ratioii. as. 1'or .'xaiiiiilc. in tli.' "larK'' \vliito ki.litcy." 
I'luliT siK-h ciM-uiiistaHci's WO liavi- Ik'cii ill tlir iialiit of 
.-: I leaking- of n clH'oiiic |)ai'ciic]iyiiiat<)U?: in'iiliritis, a (Ifsi^- 
nation wliicli we may jni'scrvc providcil we rcali/.c tliat 
it is Imt a type ol' interstitial i)<'])lintis with alMindaiit 
secondary dcKfiicration — a rfiffiisc uephfUls. This is 
very i-casoiiaMe, liecansc il' we study tin' otlicr <-lassical 
tyi>(' of liidney. tli<' "'siiiall red" one, wo iiiid similar 
<-']iaii>;es. tlmii^Hi not so i-videiit. Tn tliis tlie I'oeal in- 
flammatory fibrosis dmniriates the pictiiri-. an<l (.hsciires 
t)ie )iareiichyiiiatous cliaiises. In all iicphritides paren- 
chviiia and interstitial tissue iwv liotli nITeeted. lait in 



line lh<' <lej!;eiierative cliailj-cs ])r'e(li.miiiate: in the .itlicr. 
the prodm-tiv<'. Perhaps it is hest to speak of dilTnse 
and l'.)<-al iieplii-oses. All of tln'se i-eiiiarks apply equally 
to the sii|ipurative an<l tuberculous kidneys. In these 
the only ditTereiice (s that the lesions teu<l to )i<- moro 
ohviously and coiiipletely local tliaii ev<'n iu the inter- 
stitial form, and tlierefore they a«|nire s]>eciiic eliar- 
act.'ristics. 

Now this w-.Hild all he v.-rv siiiii^le were flic forms r>j' 
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in'|ihi-(is(-s siiKplc. whicli, as a nilc. tlii'v «[■■■ not. As a 
rule (hey an. cdmlriiu-d. at li^ast this is a|)t t(i 1).- aliiiiist 
coiiiplctcly ti'iic cxi'i'iit ill cases in wlLieli <leatli lias iiccii 

liidduci'd sii.ldeiily liy tiauiiia. Tlial tile ( liti.iiis I's- 

istiiif;' ill tile I;idii('ys may uiiderfi'ii sndih'ii cliaiijies is 
slinwn ill many eliiiieal cases. l'"()f instance, a persnii 
«li,i lias a wi-ll devcl(i|ied interstitial type iit lleplinisis 
dues very well I'lir IciliR pelicids ot time. The vasenlar 
and peiivascnlar chaiiRi's have advanced tu sii<-h a stase 



that th iipeii.snteiy piraeis o! the orRaii are ipiite 

limileil. Ihich lit the parenchyma has disapi.i^ared. I.nt 
tile iKirtiiiii which remains is ]»liysiiihijiically active and 

prcidiices a 'iiial animint <d' finid. nitli little or il- 

linmiii and IVw nr iii. cast.s. It at such a time he meeis 
a sinhlcii Iranmatic death, the kidney miiihl appear as a 
■■small r.'d kidln^y.^' a primarily contracle.l kidney. I'.nt 
let him snir.'r an attack el' enteritis; h^t him aliserh a 
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iVw iiuivc cnldii lnu-illi: a too larK'' (jiiautity of poison — 
ami lie (li('s ill ni'Mnia ami tlic kiiiiicy at postiiioi-tciii is 
apt to !)<■ ^n\y and then ■«■(' arc apt to say tliat it is a 
'"socondai'ily conti-actcd kidney." or small p'ray kidney. 
And it is cuiitc jifohaMe tliat iiiidi'i' siu-li conditions un- 
less lie makes use oi' tlie elinieal d-'tiiils, tlie patlLologist 
may insist that \v\u\i In- finds tells the whole story. 
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Classification. 

It would sooiu tlion tliat for tlio sake of simplicity the 
following classification would be serviceable: 

A. The diffuse nephroses — (acute intoxication). 

Simple edema, and necrosis. 

Acute diffuse nephritis (acute Bright ^s). 
Glomerular nephritis. 
Hemorrhagic nei)hritis. 

Chronic passive congestion. 

Chronic diffuse lu'hpritis (chronic parenchyma- 
tous nephritis). 
(Jlomerular nephritis. 

13. The focal nephroses — (vascular or infective). 
Infarctio]!. 
Art(^riosclerosis. 

Acute interstitial (septic or simple) nephritis. 
C^hronic interstitial nephritis. 

C. Coinbinations of focal and diifuse forms. 

Such a classificatio]! has one value, if no other, namely, 
that it allows of a better understanding of the urinary 
findings, that is to say it permits the clinician and the 
pathologist to stand a little closer together. 

Urinary Changes in the Nephroses. 

I. Diffuse nephroses — (acute and chronic). 
Decrease of urine. 
Casts present. 
Albumin hi verv noticeable amounts. 

Ti. Focal nephroses — 
A. Acute — 

Urine may be decreased depending upon 

the number and extent of the lesions. 
Casts i^resent. 
Albumin in moderate amounts. 
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III. 



]?. diroiiic — 

Little or no dcciM^isc of iiriii(\ 
Vv\y or no casts (these come from the dis- 
eased foci). 
Litth* oi* no alhnniin. 
(\)nil)ination foi-nis — 

Tlie ni*ina]*v ('lian<»(»s varv. 
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TIIK RKSPIRATORY SYSTK.M 



Tlic i-cspiratorv tract is a svstein oi' organs l)v means 
ol* wliicli the ()xv.<»('ii of tlic air is taken into tlic hodv and 
so distributed that it can be abs()i'l,ed into tlie blood. It 
also iU'ts as the means bv Avhieli the ])odv is al)le to rid 
itself of a certain pi*o|)ortion of the .^ases I'oi'ined with- 
in the body and h(»l(l in th(^ blood. This intei*ehan,u"e ol* 
.i^ases takes j)laee in the alveoli of the luii.^s fi'oni which 
there is a clear ])assa,i;'eway to tli(^ (^xterior of the body. 
Aiiv lesion which disturbs this interchange is important 
because it int<'rreres with the V(Mitihition of the bodv. 

Ivxternal respiration mav be disturbed bv limitini'" the 
amount of air which can be ins})ired, or by limitin.i;' the 
ability to ins|)ire. In the first case we nmst consiihu* 
the (piantity of air sui'roundin.ij,- the body. In. the second 
case we have to deal with effects which i)revent exi)an- 
sion or contraction of the normal lun.us or with chan.i;-es 
in elasticitv in abnormal lun^s. On the one hand the 
lun.us are unabh' to exj)an(l because ol* extrinsic difficul- 
ties: on the other, because of intrinsic ones. 

Ejfy'nisic ro;/r//7'/o//.s— (exclusive of (jualitative or ([uan- 
titative variations in the surrounding* aii*). 

Any extrapulmonary ]n-(^ssure. 

Fluid in the pleural cavities. 

Air in the pleural cavities. 

Pleural adhesions. 

I^iralyses of the respiratory nuiscles. 

htf r'insic ((ntflifious — 



Acute inflannnations. 
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I^iliiioiiary fibrosis (cliroiiic inflaiiuuations ; kon- 

ios(^s). 
Edema. 
Emphysonia. 

Bronchial iiiflaimnatioiis. 

^[iiseular contraction of bronchial muscle (asthma). 
Tumors. 

Tntci'nal r(\^piration (.i»"asc(nis intcrchan,uH») is modified 
))y variations in th(^ quantity and quality of the blood 
wliicli passes tlirou.uli tln^ pulmonary and bronchial ves- 
sels and by variations in tlu* area of tlie ri^spiratory sur- 
face. The rate of tlie l)h)od flow is an important factor 
in internal respiratioii, since when the l)lood flow is slow, 
as in chi'onic con.^'estions, cai*))on dioxide tends to accu- 
mulate in the l)lood just as surely as thoui;!) respirations 
were partially susp(^]id(Ml. Wheii such a condition arises 
a secondary condition of edema tends to be produced 
which has a direct effect upon (external r(*spiration. On 
the other liand, when the r(\<pirat()ry surface is dimin- 
ished as is tlie case in tin* ])uliiioiiary consolidations, the 
air has not the normal access to the walls of the alveoli 
where the .ii'aseous intercliaiii»'e takes place. 

BUkkI and vascnhw cond'ifions — 

Slowin,!;- of the ])ulm()nary circulation. 

Clironic passix'e con.u'estion. 
Arteriosch^'osis. 
Interference with the l)roncliial circuhition. 

Edema. 

Pulhioiiic coiuViiions — 
( Consolidations. 
Droncliial o))struction. 

The most fre(pieiit abiioi'mal pulmonary conditions are 
infectious in orii;-in and althouuh thev are precmineiitlv 
toxic in their eff<'cts on the body ns a avIioIo, they also 
])i"()(lnce mechanical diflieiilties which I'csnlt from the ef- 
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tVets upon rospiratoi'v surfaces, tliat is to say, from 
the edemas and the frc^quently associated inflammatory 
changes. 

Tlie mechanical effects follow several sorts of causes, 
chief among which ar(^ the ol)structi()ns, complete and in- 
c(miplete. Among* the lattc^r are tln^ stenoses. The chem- 
ical eff(^cts are illustrated in the infections, particularly 
in cases in which less than half the pulmonary tissue is 
involvcnl, or in other cases, like diphtheria, in which there 
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l-"i.u. 5n. riii> illustrates ^cluinalically the n sjii rat my trart with t lu- two iiaic> (]i: 
tin- iiiMuth (J); tlu- i»haryii\ ami laiyn\, tlu- trailua t .^ t ; the main h'-oiichi (4), aii«I 
the terminal i)ronelii. If the iiare> are iil)>t rui'ted. rt'>.i)i i atimi i> earrie<l on throutrli 
the mouth. In tlu' u])i)er re^pirritory tract tlu-re are tluret'ore alternative |>atli\\ay> 
for the air. If. however, the traehca is olislruete<i, the entrance of air ti-inl^ to he 
comiiletely cut off. At the eiii.i4lotti> an e<lema of com|iarativeiy sligiit decree may 
profjuce a>i>hy \iation. The tartlur on.' |)r<)cee(l> out in the resi)iral()ry tract, the k>s 
ilau;L,^er i-- theie of asjihy xiat ion. The --mall ronn<K-(l aiia illustrates what is meant by a 
iocu> "if lolmlar pne\nnonia ( hioiK h' i]inenmonia I . \hv lai.u^'r area is intended to ri.]<re 
^tnt an area of lobar pnetnnonia. 

may Ix' no liindrance to iiis|)iratioii or ex])iration. Since 
it lias been sliowii that a gradual reduction of the jml- 
nionarv tissue to one-sixth the normal amount is c(nn- 
patil)le with life, it will l)e appai'eiit that tlie majority 
of ])ulmonary lesions are im])ortant rather from tli<* 
chemical than the mechanical i)oiiit oT view, and tliat 



144 rrXI)A.MI-:XTAL> of PATHOUxiV 

<-xc<-|)t t'oi* a r»4ativ»4y small ui'Mup of cast^s, most of tlio 
l<-sioiis of tlK- iM'spii'atory tract arc of vital importancf^ 
i)Hcausc of tli(^ chemical comlitions that <lcvch)p. 

If \vc considci' the aiiat<»mic ari'aiiu^cm»'iit of t!ic rc- 
>]»ii-atoi'y tract wm I'uhI that it is c()mp()sc<l of tlir^n- aii- 
atoiiiicalh' ( inccliaiiically ) important pai'ts — the nasal 
}»ai-t. the tracheal jiart. aii<l tlie ])ronchial pai't. 

Th»^ Kfisfil i)nrfi(,)( foi'ius th*' iioi"iiial entrance for air. 
It x'rvrs as a wai-mini:" ovm. ami as a filter. It is onlv 
wht'ii it is damaged in (tne iw anothei- way that tln^ ac- 
<-H>soi\' jiath (the oral) is usncj. \\']ien this accessory 
path i> used tli«' air is not sufficiently v.ai-nied or tilteit-<l. 
aii'l tli»^ o]i].ortunities foi- ii-i-itati'»n and infection of the 
plia!-\'nx. ti-a<-liea. hi-(»nchi and th*' lunus tlK-mselvt^s are 
j.riUipiit^l. HiM' (tf the mo>t fi-»MjU<'nt causes of disease 
of tli'- nasal passau'-s is ad^-nni*! ^-i-owths in the j)liai-ynx: 
:Miotli'']- i> imlammatinn (.f tl^' niucus nu-mln-aih' of tlie 
na>al rarities with <-(,ii>(M[UMiit swt'lliim- <>f the tis>ue 

TL*' r,,i(]n(i^ i,i,rf'nr of thf tra^'t is a .-iiiuh- }»ath\vay. 
Tt tK'-r**f<»rr is that ]'art of th»' i-«'>pi]-at<>i-y system in 
\\hieh a nit'chanical (h'f.M-t }>ro<luc»'S the most se]-ious re- 
>iilt>. Kxt^i-nal prrs>ui'e (>f rnlaru'ril adjacent oi-^'ans, 
>u<'h a> tIm^ th\'mu> or lymph ulands. oft^n ]u-(Mluces the 
m<>>t -ri'ious eft'r<'ts. as illustrat'^j in »'dema of th^ u"lot- 
ti> and intlannnatioiis. often ]>roducini:' »'tYects up<»n the 
r«'>pirati<'n altnu^'ther out "f ]'ropo]-tion to tho size an<l 

♦ ■xt^^nt ot" the lt'>ion. 

Ill*' h r>>iii]i Kil iii>i"^i<>)i oi thf tract hri:ins a> a douhle 
{•athway. which i-apidly ])i-raks up into many tine suh- 
di\'i>io]i>. thr Id'oiichioh's. which terminate in the infun- 

• lihida and air v^'^ich'^. In tlii> pai't of tlif traet tli'-re 
ai'r niany oppoi-tuniti»'> for ihimaur \\hicli may ])i'o(luce 
iirth- .']• ii(. i:-.-n»'iTd di>tui-l'ai.e''. 'rhi> i> t'S].tM-ially true 
of tic- nc-chanical otVoci>. \\ n.:d;''S a ui-oat 'ioal of dif- 
I'.u'^'ic-t'. lc'^^'A■•u■. wh''th''r an oh>t]-ucti(.n (.ccu]'> in one 
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t(> rrXl)A.MEXTA[.S OF PATKOLOOY 

T1h> rapidity with wliicli an obtiti-uction dcvel()ps is a 
iTV iniportiuit it<'iii in tlic pV()(!ii('tion of syinptoiiis, for 
licri'sis iiv.-sixtln^ of tli<- Inug tissue may he cliniinatofl 
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if this bo done only gradually, a sudden obstruction 
Avliieh involves less than one-half of this same tissue niav 
and not infrequc^ntly does prove fatal. In certain cases 
of pulmonary tuberculosis one linds that at least three- 
fourths of the respiratory surface has become valueless, 
functionally, before death has occurred, but a perfora- 
tion of the i)l(ni]'a which allo\vs air to enter the pleural 
cavity (pneumothorax) and compress (me lung, may 
prove fatal. 

The causes of respiratoi'y insufficiency arc^ as follows: 

I. Physical — ((listur))ances of ventilation). 
()))structions to (Mitraiice and exit of aii*: 

Xasal — 1 ly])ei'emia, including tlu^ inflamma- 
tory typ(% s(^ptal deformities, turbinate de- 
formities, fort^gn ))odies, tmnors. 

l^harynx — Adenoid gi'owtlis, edemas, periton- 
sillar and peri])haryngeal inflannnations, tu- 
mors. 

Lai'ynx — Kdema of the glottis, acute inflam- 
mations, tumors, j)aralyses. 

Trach(^a — Infhimmations, external ])ressure 
(thymus, thyroid, lymph glands), foreign 
])()di(^s, pai'alyses. 

lironchi — Inflannnations, nmsculai* spasm (us- 
ually associated with edema), foi-eign Innl- 
i(^s, pi'essure of eidai'gcMl lym])h glands 
(tumors, inflannnation). 

Lungs — Kdenui, chi'onic congc^stion, infai'c- 
tion (em))()lism), inflannnations, tmnors. 

Loss of elasticitv including inci-eas(Ml (^xtei'iud 
])ressure (limitation of (\\])ansi()n). 

Pulmonary hbrosis (anthracosis, chi'onic pas- 
sive c()ng(\^ti()n). 

Emphysema, pneumothorax, hydrothorax. 
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The cJuMiiical factors in pulmoiiai'v disoase aro, as a 
ru](\ associated witJi al)normal physical conditions. 

II. Toxic — (disturl)ances of mctal)olisni). 

l>actcrial — I'lic iirHannnations, pncnnionias, 

))roncJiiti(lcs, lai*yn.i>,itidcs, traclnntidcs. 
Irritating- 4>-ascs — Annnonia, clilorim\ siil- 
pliurous acid, etc. 
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CHAPTER XII. 
(lASTROlNTESTIXAL SVSTK:^!. 

Wliat Ave call i^astrointcstinnl diseases are expressions 
of alterations of fuiietioii in one or more parts of the 
^•astrointestinaJ svsteni. Thev are connnonlv eonfnsed 
with symptoms, sueh as liyperaeidity, hypoacidity, hy- 
pei'motility and Jiypomotility, which are not diseases, 
hat svm])toms of diseases Sometimes thev are associated 
with sym])toms in othcM* pai'ts of the body tlian tJie <;'astro- 
intestinal ti*act, and snch symj)toms call attention to the 
fact that the vai'ions or,4;ans of tlie bodv ai*e not trulv 
sei)ai*ated or independent, ))nt that they are actnally (h'- 
])e!i(lent ni)()n one anotluM*. So with .^astrointestimd u])- 
sets the n(M-V()Us svstiMn mav he affcH'ted, oi* the ni'inarv 
system, and it is fi'om these distance effects that we ha\(' 
come to make so nmch of a .i^i-onp of symptoms, which 
may he combined into different complexes, in diffei-ent 
individnals, which we call, comprehensively, i»ast!'ointes- 
tinal intoxications or, also, antointoxication. 

In oi'dm* to he clear in oni* conce])tions w(^ shonld con- 
sider fii-st of all the fnnctions of the or.i;ans comprisini;' 
this ti'act or svstem. 

• 

The fnnction of the stomach and of the intestines also 
is to contain and i-etain food for a certain pei'iod of time 
dniinu' which the food is chemicallv chani^cMl l)v means 
of fei-ments. in orch'r to fnlhll this fnnction it nmst l)e 
capabh^ of exi)ansion, and, in oi'der to expel tli(^ contents 
at the ])!'op(M' time it nmst be capal)le of i-(^tnrnin.i>- to its 
oi'iu'inal size. In other words, it mast l)e elastic and 
c()ntractil(\ and the ehisticity and conti'actility ai'e chiefly 
the resnlt of the condition of the nmscnhitnr(^ The fnnc- 

140 
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tioii of the intestine is to carrv the food from the stoni- 
aeli to the external woi'ld and at the same time to allow 
time for a))sorpti()n of foodstnffs into th(^ l)ody. This 
function depends upon elasticity and contractility and 
here again the contractility is mainly dependent upon 
the condition of the nuisculature. In other words, the 
function of the gastrointestinal tract, so far as motility 
(contractility) is concerned, is d(^pendent upon the con- 
dition of the nmscularis, and so disease tends to be pro- 
duced hi) variation in the elasticitij and motility of the 
various portions of the (gastrointestinal tract. 

It is tJiese (jualities of elasticity and contractility which 
present stasis in the intestinal tract. Xormally the va- 
rious segments of the tract act in such harmonv that 
the contents are gradually pushed along to their nor- 
mal destination in a certain normal time. A healthv 
bowel will not permit of stasis l)ut will carry on its 
motor fimctions with ease and regularity. To assist 
in this function thei*e nmst Ix^ a coordinating or regulat- 
ing mechanism. This Keith l)elieves he has found in 
the myenteric (Auerbach's) plexus, lie finds that at 
'•^ certain ])()ints this plexus is concentrated to form masses 

(or nodes) which cori'es])()nd to the nodes in tlu^ con- 
ducting tissu(^ of th(^ heai't, and that at th(\^e nodes new 
rates of ])eristalsis are inaugurated and ])(M-sist through- 
out th(^ s(^gment to which thev belong. Kvidentlv disease 
of the f/astrointesfin(d tract niaij occur because of in- 
terference with, or damafie to, the mijenteric coordinat- 
i)i(f sjfsteni. 

In ()i'd(q- that the food shall be ])ro])erly p!-ei)ar(Hl 1'or 
abs()ri)tion, the necessary kinds and amounts of f(M'ments 
nuist be secreted by the glands of the gasti'ointestinal 
tract and bv the accessoi'v glands, and in order that these 
sliall act ])i'op(M-ly the contents of the tract nuist have 
the pi-()p(M* chemical reaction. In tlu^ stomach th(^ redac- 
tion must l)e acid; in the intestine it nuist be alkaline. 
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Therefore variations in the quantitative secretion of the 
various digestive fluids and in the qualitative composi- 
tion of tlieniy tends to produce disease, 

Gastrointestificd disease arises from abnormal changes 
in elasticitg^ motility (contract Hit ij)^ segmental coord i- 
nation, secretion of ferments^ and (chieflg) chemical re- 
action. 

AVheii we consider thes(^ four gi-oiips we find that we 
can most nseFnlly conil)ine them into two large groups, 
for we fmd that clianges in elasticity and motility are 
a])t to occur together; and that changes in production 
of ferments and the chemical reaction of the iuices are 
apt to ))e combined. Also we discoyer that each of these r3 
grou])s ar(^ interwoyen to such an extent that it is not q -^ 
l)ossil)le to s(^parate them completely. C3 > 

The normal course of eyents in gastric digestion is < 

l)ri(^Hy as follows: ^ -n 73 

P\)()d entej-s the stomach and is there kn(»aded and o) O ^ 
thoroughly mixed with gastric juice so that the ferments, > Z ^ 
chiefly pe])sin, may act u])()n the pi'oteins. For tlu^ tVi*- * > "2 
nuait action, a certain (h'S>'ree of acidity is necessary. *" 

After a certain time the ])artially dig(^st(Ml food is ex- ^ ^ 

])(4h'(l tlirough the pylorus and enters the duodenum. O "^ 

What we call gasti'ic indigestion may (h'jxMid ui)()n a ?2 

l)reak at any point in this ])r()C(^ss, i. e., the nmscular 
moyements of th(^ stomach may not he sufiiciently actiy(^ 
to ])ro(luce thorough mixture of tlu^ food and the gas- 
tric juic(s the gastric juice may not contain sufhcii^nt 
pe])sin to accomplish a normal result; the acid content 
of the gastric juice may l)e l)elow or a))()ye normal, and 
then in (Mther case the food wvav l)e held too long in the 
stomach and then undergo ahnormal changers whicli lead 
to more oi* h^ss distui*l)ing symptoms or distress. 

llow shall we account for yariations in gasti'ic motil- 
ity? There is a yariation that occurs normally and 
which (h'])ends upon the natui'e of th(^ ing(^sted food. 
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For iiistane(% carbohydrate foods pass througli tlie stoni- 
ac'Ji most rai)idly, proteins are next and fats are slow- 
est. AVe can sav at once t\wn, tJiat a diet verv rich in 
fats will hinder the passag'e of foods throuo;li the stoni- 
aeli. ^loi'eover tln^ in^^estion of oils d(^ereases tlu^ 
anionnt of .gastric juiee, while in.uestion of proteins in- 
creases it, and earl)ohydrates (l)read) produce a juice 
of greatest di^'estive power. These facts account for 
th(^ ordinary effects of dietary indisci'etions Avhich are 
(/onnnonly transient, l)ut which may persist, if the indis- 
ciH^ions ai*e pei'sisted in, and pi'oduce other less tran- 
sient (effects resultiiii;' in structural chan<^"es. 

Xow it is ({uit(^ p()ssil)le that these normal yariations 
in motility are the result of modihcation in the acid con- 
tent of tlie gasti'ic juice. A\'e know tin* opening- and clos- 
ing of tlie ])yl()rus are due to the redaction of the food — 
i. c, tlH\y depend u])on th(^ pi'esence of a c(4'tain amount 
of free acid. We know that ingi^stion of carbohydrates 
])ro(hic(^s an al)undant active seci*etion, and A\e know tluit 
carhohvdi'ates ai'e h'ss active in niuitralizing the acid (l)y 
cli<*mical coml)ination) tlian th(^ proteins wliich also pro- 
duce an abundant S(H'i*(4ion. We would exi)ect then, that 
the carboliydrates would ])ass through the stomach more 
ra])i<lly because they ])ermit the acid to accunudate, and 
that the ])i'oteins would I'emain longer in the stomach be- 
cause in combining with the acid tliev r(Mluc(^ the aciditv 
of th(» gastric cojitents. Fats and oils, on tin* othei* hand, 
i-educe the (juantity of juice and thei-efore the acid is 
slow in accunndating. 

When the (Mn])tying of tin* stomach is unduly ini])c(led, 
there is opportunity foi* fernK'ntation to occur in the con- 
tents. We constantly swallow l)acteria with our food, 
but commonly th(\<e organisms ai'e rend(4'ed harmless 
because theii* actiyiti(\^ are hindei-ed bv the hvdi-och.loi'ic 
acid. With a de(MTase of acid tin v are allowed to act 
U])on the food, and in doing this they ])r()dnce abnoi'- 
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mal acids and ^ases. The foniior act upon tlie nuicous 
nieni))ranc pi'oducing inflannuatoi'v effects; the latter 
])r()duce distention or *M)loatini»-. ■ ' 

Innn(Hliately inflannnation is i)roduced, an inci'eased 
amount of nuicus is produced, and nmcus, Ixung' alkaline 
in reaction, neutralizes more hydrochloric acid, and 
thercd'ori^ assists in hindering- the passage of food into 
the intestin(\ The same stinudation Avhicli ])i-()duces tlii^ 
increase in nmcus, irritates the functional cells, so that 
eventually they hecome fatigued and jiroduce less seci'e- 
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l-'i,ir- •^•'- 'I'his i.s a sclicinatic sketch to illustratf llic anangtuu'iU ot the hilo |la^^'ai;t-^ 
and the ellects of lesioiw in them. I'ile tOruied in the liver is slirecl in tlie .uall l>la(i<!er 
from which a> (»eoasion demands, it pa^'-i's into the small intestine. An ohstrnetion in 
the cystie dnet does two thinps; it prevents the storaife of Idle, and il ]ne\ents what 
liile happens to he in the bladder from reaehini; the intestine. No clinical symptom> 
follow either of these eventualities. ( )n the <tther hand an obstruction in either the 
hepatic duct oi' in the common dui't prevents the bile fron: reachintj the intestini- and 
ianndici' (icterus) results. Ilhtckiiif^' of the pancreatic duct hinders the pancreatic secre- 
tion from till- intestine and so leads to a certain type of indi.uestion. If an obstruc- 
tion oicurs in the conunon duct below the enirarice of the |>ancreatic duct, bile may 
be fnrcrd into the lattir and canse ])ancriai;c ilisease. 

tioii. The !-(\<ult of this is that fui'thei* rei-mentalions 
ai'e assisted and so (the disease we call it) IxH'omc^s 
chronic. When this stage is reached — when inflamma- 
tion has hecome chi'onic, (ihi'ons tissue is ])r()(hiced in 
the wall of tlie stomach, the functional cells atrophy and 
disapp(^*ir, the nmcous memhrane IxH'omes thin and gi*ad- 
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ually ))(^eoiiies loss and less able to produce the neces- 
sary amount of acid or ferments. AVlien this stage is 
reached, an incural)le condition has been produced. Be- 
for(^ it is reached, there is no incurable stage, — only 
each more advanced stage is less easily remedied. 

But oftentimes it is not so much the relative amounts 
of carbohydi'ates, proteins, or fats that is the original 
cause of indigestion. More frequently it is the qualit}' 
of tli(^ food or other substances that gain entrance to 
the stomach. Very hot food or drink, very cold drinks, 
alcoholic l)everages, highly spiced foods — all are far 
more frecjuent causes. These act l)y the virtue of their 
irritative action on the mucous membrane. They pro- 
duce hypersecretion of nmcus and the related stages of 
fermentation that have alreadv bei^n mentioned, or thev 
cause hy])ersecretion of gastric juice with subsequent 
atrophy or hy])ertrophy of the nuicous membrane, re- 
sulting on th(^ one hand in al)sence of seci'etion or, on 
tlie other, in moi-e or less permanent hypersecretion. 

AVliat has 1)(hmi said concei-ning the stomach applies 
with very few variations to the intestines. Changes in 
motility, in seci*etion and al)sorption de})end largely up- 
on factors which are introduced from Avithout, and very 
connnonlv are associated witli gastric disturbances. (Jas- 
trie IVrmentations are prone to lead to int(\stinal dis- 
(^ase, and variations in gastric acidity lead to moditica- 
tions in the pi-oduction of ])anc]'eatic tVi*ments. In the 
coui'se of these general modifications which result from 
gastrointestinal disease then ar(* i)roduc(Hl the most va- 
rious diseased conditions in other organs Avhich cause the 
symptoms which l)eh)ng to wliat we often call the gastro- 
intestiiud intoxications. 

But all gastrointestinal disease do(\s not (h^pend upon 
abnormal processes wliich are primary in the stomach 
and intestines. Some are the resnlts of chang(*s which 
ai*e primary in the liviM* or in the })ancj-eas. As a result 
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ol' ('(M'taiii cliitiisi's, (iiiaiititativc or ([ualitativc varia- 
tioiiK ill till' sccrctiims oi' tlicsi' oi-^aiis arc produced, 
and tiicsc variations ai*c ol' far i-cacliiiiff importance. 

It will l)c rcnicMilH-rc<l tliat all tlic al)av<'-inci(tioiicd 
juices are jxnired into the intestine, ininicdiately after 
the entrance iif tlie acid jrastric ciiynie into tlie duode- 
num, ap|)arently a.-* a result of the action of the acid. 
AH the intestinal secivtions are alkaline. Tiicv there- 



fore tend to neutralize the acid of th<' .i,'astrie juice and 
therefore they produce tlie conditions which are neces- 
sary l'..r openinjr of tlie pylorus. So lou,s>' as tlii' <luo<lc- 
iial contents an' acid, the pylorus remains closed. J;; 
insiiffir'n-iil amouiil of iillaiiiuc jo'irv jratii the dlf/cstin- 

Tile activity of the pancr<>atic juice di'jiciids upon (he 
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activation ol' its pnilcolytie |inj-.-iizyiiics l)y cntcrokiiiaso 
wliicli <>xists in tlic siiccus ciitf'iii'iis, Aviiicli is canscd to 
How hy tlic ])i-csfnci' ol' jiaiu-rpalic juice in tlic iiitcstiiH's. 

AbscllVC (if CIllflolilKISC Il-Uds fo jllluhlCC l}l.-:('<t.-<C. 

TIh' flow of all tlic iiitostiiial Jiiims i)aiicn'atiii. l>il'' 
aiul siicciis I'litcricns, is l)foiij!;lit almnt by tlic action of 
tlic sfCT'cticn (i)ro(hicfil in the c<'lls of tlio intestines liy 
tlie action ol" the aci.l A!:astric eliyine) upon the cells of 
the pan<'r('as, liver, and intestinal fi'lands. Ahseuce of 
s II jjiv'iv iii iicifl ill the f/ashic jiiicr Iciuls In province lack 
of iiili'sliuiil si'rrcl/iiiL mid linirr tn /iroiliin' 'iiilesliiuil 



l>an''T'i'atL( 



ot activaled. ]in)t<-, 



vti« 



(ii.yestion suffers. If the l.ile is not jiresent in siillii-ient 
amounts, tli.' utilization of the fats of tii<> foo.l is n- 
(luccl or hindcre.!. Tin' conditions produced in this way 
an- ones that result rroui insuHicieiit iirejiaralion an<l 
al.sorj>tioTL of UnnX. The insumcient prci.aratinn allows 
of increasr.1 liaci<>rial activity and tends to the |)rodiic- 
tion of alinornial snhstan.-cs. or sul)stan<-cs in alnnirnia] 
auiounts. M-hieh. heiui; ahsnrlied. may .uive rise to intoxi- 

[Jul asi<h. from these there are chan,i.M-s \^h\v\\ occur 
ill the •ilati.hilar oi-aiis lheni>elvcs which ]in,diice sim- 
ilar elVects. niscases .if the liver, of llir pancreas, of 
th.. wall of tlle illtcslilles, produce llle same efVccIs. il) 
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tilis ,s>f(jiip Wf liavc tlu' filn-osfs of tlio liv<T ami tJic bile 
pa.-isagi's whicli dccrca.-^c the How of hik' and pi'oducc 
([ualitativc cliaiitics in it. JiiHaiuiiiatioii of tlip piiiici'cas 
or its 'hicts produces (luaiititativc and qualitative effects 
uj)on tin' pancreatic .juice and similar ciiani^es in the wall 
of tlie intcstiiK'K tend to rcduc(^ tlii^ foriiiatLon of entero- 
kiintse and secretiTi. 

.lusl as ^■astrointeslinal disease may liave its starting- 
]Hiint outside tliat tract, in tlic accessory ji'latnis in tlii' 
abdominal cavity, so also it nmy Inive its orij^'in in tin' 
mouth. Tlie montli is tlie niost iinjiortant portal of in- 



fec1i(.n of tlie lv)dy. an.l is jierhaps mor.' pnxn.. esi)e- 
daily in the years aft<'i- the Jirst decenniuiu. to infection 
than any other part of the body. Mon-over di.-^eases of 
the mouth, especially those in whicli the tc<>t!i are in- 
\iilved, arc every day assumin;;' jir<'at<'r iniportau<'c in 
medicine. It is hccoriiiii,a: iin)rc and nmrc evident that 
the k'sions ()f many accepted clinical complexes are sec- 
ondary to ininiary intVcticms of the oral cavity and als.. 
that many obscure symj)toms are the se([ucls of c]ir(niic 
focal infe<'lions \\hicli in very nmny cases arc located 
in ihv teeth or in their surrounding,' tissues. Ilcnce it 
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is that iiyorrlica alvcolai'is and piM'idt'iital and dental 
al)s<.'cssi'K arc licconiiiifi; of as great ituportanee to the 
liliysic'ian aw to tli<' dentist, and tltat tlicve is every rea- 
son to lielieve tliat, in certain directions at least, the 
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practice of dentisti-y will have to l)e revolutionized even 
as nicKlical views conccM-nin^* the importance of the month 
as a source of g-enei'alized disease are being* changed. It 
is coming to ])e realized that foci of infcH^tion in or about 
the mouth may ])e the starting points of such so-caHed 
diseas(\s as rheunuitism, endocarditis, appendicitis, gall- 
l)laddei* diseases gastric nlc(M% osteomyelitis, hay fever, 
asthma, ni'ticaria, and ovim certain goiters. AVhen we 
sav in or about the mouth we have ref(»rence to the ton- 
sils, tlie nasal sinuses and antra, as well as the teeth and 
peridental tissues. 

The reason why the mouth is so apt to be a primary 
source of trouble is that it, more than abuost any other 
])ai-t of the l)()dy, is exposed to the action of external 
injui*ies, and that modei'ii lial)its of eating and drinking 
])ro(hice conditions which, without ])i'()])er precautions, 
lay tlu' foundations foi* various sorts of local and gen- 
eral ti*oul)le. Too hot or too cold foods taken into the 
mouth do two things — they injure tli(^ (^pitlu^lial sur- 
faces and so pr(Mlisi)()se to infcH'tion, and they tend to 
(himage the teeth and nuike tliem more easilv attacked 
l)v l)actei*ia. Food Avliich is too cai'efullv cliosen foi* 
tendei'uess and easv mastication, oi* which is hnelv di- 
vi(hMl, t(Mids to coHcH't l)etw(H'n the teeth, or along the 
mai'gins of tlie gums, and there f(n'ment. Thereupon 
infiammations or caries, or botli, result. The moi'c an- 
ti(|ue habit of not eating hash l)ut of exercising the te('th 
iuu\ gums on the food made the toothl)i*ush l(\^s esscMi- 
tial foi* In^alth than it now is. Cattle which ai'e Uh\ on 
soft food, — as, fo!' instances still sl()])s, — almost ex- 
clusively, have (h'lital trouble that animals uiuh^' noi'mal 

* 

circumstanc(»s nevei' hav(^ It is exei'cise Avhich k(M'])s 
the teeth and gums in good condition and if this can- 
not ))e acc(>mi)lislied by means of the food, some other 
agent is i*e(piii-ed and this is usually the toothbi'ush as- 
siste(l too frcHiuently by the (hnitist's drill. Dental floss 
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takes the place ol* the older meat fi))ers which stuck be- 
tween tlie teeth and had to l)e picked out after tlie i)ran- 
dial exei'cises (or even sometiines during thc^n). In 
this process tli(^ S])aces l)etween the teeth were cleaned. 
From the standpoint of dentistry it is important to 
reineml)er tliat ci'owns and ))ridi;'e-work, as they are too 
connnouly applied, Avhih* tliey may he somethini;' ol' a 
convenience, are n^n^ertheh'ss a very real danger in pro- 
ducing* I'ocal and gencM'al infections and intoxications. 
To the trutli of this x-i'ay pictures of the teeth will tes- 
tify. Any apparatus which tc^ids to produce^ mechanical 
iri'itation is a dang(u*ous one, foi- while it is tmu* that 
forcMgn bodies may produce little or no damage pro- 
vid(Ml they (wist in as(*])tic surroundings, yet in liie 
l)resence of inf(H'tiv(^ organisms thev act invai'iablv to 
intensifv the reaction l)etw(M'n tissue and gc^-ni. A bridge 
which offers o])])oi-tunity for the collection of food and 
bacteria about it; a crown or a ])ri(lg(^ which is attached 
to or which covers a tooth whose nerve has l)e(Mi kilh^l 
(by Avhich proceduri^ the tooth itself has Ixm^u made a 
f()!-(*ign body), esj)ecially if complete sterilization has 
not been carricnl out, is a menace to the g(*neral health 
of the ])atient, who had far better have fewer teeth than 
such an ap])liance. A little macei*ated ])uli) at the bot- 
tom of root canal and one living bacterium buried at the 
bottom ot* a I'oot canal undei* an iinj)ervious ca]) or till- 
ing, is not to be ])refei-i*ed to a vacant s])ace in the tooth 
line. It is under such conditions that root and alveolai' 
absci^sses di^velo}) and I'emain for long ])ei*iods of time 
aff(H'ting the health of the individual by pi'oducing ))ac- 
t(*i-ia and toxins to enter the blood stream ))v which thev 
afe carried to the heart, central nervous system, nms- 
cles, l)ones, or otluu* tissues and oi'gans. 

R(^cent studies of the teeth make it inci'easinglv evi- 
dent that to car(* for these insti*uments, especially with 
regai'd to the root canals, is extremelv difticult for me- 
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cliaiiical T('as<ni.s if ]'<ir ihi otlicrs, At^ Ions «« it ^^Ji^ I'lv 
li.'Vf.l tliat facli tootli lia-1 a siiislc pore at tli<- tip of 
cacli root it s<>ciiic(l siiu|)lc ciion^li to complttcly remove 
till' (lead nerve and its surroiindiiifi' tissue. But wlicn, 
as t'assidy lias sliowii, there may ])e, not merely sevei-al 
ti'Miiinal ])ores. luit also lateral canals ami pores, tlien 
in(lee<l is the problem accentuated, for there is little 
cliauce tliat an instrument can he deAis<'d to enter these 
lateral ]iassaf;'cs. And evidently tin- d<'ad tissue should 
he <'()m}>letely i-einove<l. Dead tissue is ahvays a source 
of danger, offering;: as it does a favorable nu'dinni for 
bacterial jiroMth, and even small renmants of such nutri- 



ent material uiay lead to the in.xhicti-ni of a focus of 
infeiiion Mliich ina\' luwe a tfemendous influence on the 
body as a whole, "sucli thiii.n's as these einphasixe tlie 
necessity «\' perfect aseptic (and antiseptic) ti'chnic in 
op<TatioMs n|>ou the teelli no h'ss than in surgical (.infla- 
tions n|i(>n other imrts of tiie mouth. 
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TUK XKHVors SVSTKM. 

Till' Jicrvims s\ sti'iii is tln' rliii-l' lurflianisiii in briny- 
ill,!!' !iln)ut tlic ailjiijitiin'iits ol' til'' oriianisin to it^ ciiviroii- 
liiriit. and llicri'l'in-c upon it (Ii'}H'iiils in n very larjr*' 
nicasuiT th'' in-fscrvatiini of tin' s]H'cifs. It consists ot' 
a ini'<-liaiiisni wliich i-i'ccivrs stinnili and transmits ini- 
l^ulsi's. a ini'cliaiiisni for a'l.instin.u- rca<'tioiis to stimuli. 
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and a mocliaiiiyni I'or jn-csri'viiig aji«l (.•orrclatiii'!; impres- 
sions. IJy ](icaiis til' tlu'sc, stiiiuili ai'c localized and vc- 
s|ions('s coordiiiatcil. and, in sonic tnanni'i- avIlIcIi ■»■<■ <l<) 
not nn<lc'i'stand. associations ai'c rornicd npon wliicli are 



fouiidr.! itHMnury. tlioii.iilit. will. jiid,i;iii(-iit. anil tli. 



JuhMrricii<-f Avitli (■(iniUu-lioii ill any |>art o( the sys- 
Icin li'ads til vai'iatifiiis in the .•^latu^^ of Die oi-ganipin by 
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caiisinj; abiioniial i-('S])<)iisi's to stimuli. Jii sonii> iiuli- 
vidiiiils <.'(iu(lucti<)ii is slinv: in otliiTS, it is ra|)i(l, imt in 
citlirr it may licconic sldwcr or ni(n-i' ra]ii(l <l(']H'ii(lin;i' 
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K.ll till' sort or ilifllli'lm 

; a wliolc ()!■ iiiKiii any part of it. 

Tlic ci'Ils <,r wliMi tlic iicrv.His system 

•.• prrpetUill (tIIs in the sens,- tlillt ill till- 
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I'luiratiou ami so 
iKloriloiio iiocrosis 
11. ami tiioir |ihioo 
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is takdi l)y an ovorgrowtli of ,i;lia cells, wliich, altli()ii,ii,'li 
tlicv are of the same eiiil)rvoiiie orii'in as the iiei've cells, 
have preserved the power of growth and reproduction, 
(diosis in th(^ nervous svsteni is the analogue of filjrosis 
in other organs. 

Lesions of the lu^rvous svstem niav l)e divided into 
those which involve inhil)itio]i, loss, or intensification of 
the power of receiving impulses, of ti*a]ismitting im- 
l)ulses (afferently or efTereiitly), oi* of making associa- 
tions. 

1. Disturl)ances of the receiving and aftV^MMit trans- 
mitting mecluuiism (sensory). 
Anesthesias 
Paresthesias 
lfy])eresthesias 
Ataxias ( !) 
'2. Distui'hances of the effiM'ent transmitting mechan- 
ism (motoi*). 
l^iral vses 

Tonic contractions (tetanic) 
Colonic coiiti'actions 
Ataxias and clioi'eas ( !) 
)). Distui'hancc^s of the associative mechanism. 
M(Mital dissociation and al)normal associations. 
1 lalliicinations Aimiesias IFvsterias 

Amentia Ahoulia 

DcMuentia Delusioiis 

4. (i(Miei-al disturbances of the n(M-vous svstem. 

1. Intoxications 

Delirium 

Coma 

Convulsions 

2. DefiH'tive development 

Idiocv 

Inilx'cility 

".MfntaldclHlitv"' 
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THE IJEMOPOIETIC SYSTP]M. 



This system is (*oiii])()S(m1 of the lyiiipli glands, spleen 
and l)()ne niari'ow, and is named liemopoietic l)eeanse 
of the faet tliat one of tlie fnnctions of eaeli of these or- 
,i>'ans is tlie ]n-odueti()n of tlie cells of the eirenlating 
l)lo()d, of th(^ adnlt organism. As a matter of fact, the 
l)l()()d cell pi'o(liicin<>' fnnction is more closely associated 
Avitli tli(^ l)o]ie marrow, and ])erhaps, nnder certain con- 
ditions, Avitli tlie hemolymi)h <;-lands. The spUnm and 
lym])h nodes ai*(% on the other hand, of valne ratluM* as 
niters thaii as prodnci^'S of cells. The lunnolymph g'lands 
stand midway ))etween lym])h nodes and bone marrow. 
The ,t»'eneral strnctnre of all these or,<;-ans is mncli the 
saiiK*, so that there is some reason to ccmclnde that there 
is somethin*;' common in their fnnctioiis, a conclnsion 
that seems to he jiistilied in expeiience Avith clinical cases 
snch as mveloi»(Mions lenkemia, in which the whole svs- 
tem is, as a rnhs chan,^'ed. 

The hone marroAv is th(^ chief hlood c(^ll ]n*odncing' tis- 
sue and, like other tissues, undergoes hy])erplastic and 
retrograde changes. In cei'tain ty])es of disease, as in 
ai)lastic anemia, it siM'ms to ))e complet(4y fatigued so 
that it no lojiger ])r()(luces. In less severe cas(^s, as in 
the usual pernicious anemia, and the hnikt^nias, it pro- 
(hices activitv. There is evidence that in anemia from 
anv cause the ])one juarrow increases in activitv more 
or less in i)roi)oi*ti()n to the circulatoi'y losses. 

Tlie spleen, though it is a ])i*()ducei' oL' cells, seems 
to he rathei* nioi'e important as a I'eduction plant Avhen 
l)i'()ken doAMi cells, especially sejiile red cells, are (iltercMl 
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out of the blood stream and prepared for rt^-iishig in 
the body. It is perhaps because of its reduction func- 
tion that it may play a part in the neutralization of tox- 
ins which come to it l)ound to the cellular proteiiis. 
AVhen the spleen is removed its functioiis are apparently 
assumed l)y the l)on(^ marrow and lymph glands. Evi- 
denc(^ is accunmlating that it is more connnoiily the seat 
of infections than was foriniM-ly su])pose(l. 

The lymph glands are of two indistinct ordei's: one, 
the ordinai-y lympli nodes, and, second, the hemolymph 
glands. Their importance r(»si(les in their filtration ac- 
tivities which are similar in some respects to tliose of 
the s])leen, Imt which are devoted to the periphery of 
the l)()dy and with the lymphatic fhiids rather than with 
tlie blood. Their espi^cial value seems to l)e in conibat- 
timr iiifections, during which thev filter out and hold in- 
fectious organisms. Th(\v also furnish, especially un- 
der such conditions as exist in lymphatic leukemia, and 
in ccu'tain inflections, small monoimch^ar cells (lympho- 
cytes) to the blood. 
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CIIAI'TI-:!) XV. 

Till-: sii'i'oirriNd axd i.ocoiKiTniiY 

SVSTKJI. 

TIlis systnu iju-liulcs tlic Ik.iics. jc.iiils. iiiuscli's. tcii- 
diiiis, anil li^iinii'iit^, Tlif limics arr ol' iTiiiiortaiicf 1)0- 
cails.- llH-y '/\\v rtL^idity to tlic body; Thr joints. I ailso 



iiasi-lcs. 
I.I.-: till. 
..f llic 



THE si^ppoirnxG AXi) lAiai.MOToiiv svsTii.M l?.") 

)>(Hii's, and (Ictcftiiiiio tli<' jiiiitnint iunl direction of niove- 
iiiciit at tln^ joints. 

Tlio stnictiifo and coiiiito^iitioii of bono accounts I'or 



ri>;i(!ity. mid tliiTrCon- variations in slinctii 
n|.nsitioii will iHodil'y llic normal n,!;i'litv. 
'Iiysical causes- 
Trauma (IVactiircs). 



M^taliolii- caiis^.s— 
Hyin'ipl;i.-i;is (tiitiiorsl. 

Atn.pliv (liiilisti-?T»is. ,,^t iinlac™). 

riillaiiiiiiiiti.iii („sl wlitisl. 



.\Ii'la[>lasi:i (nstcitis di'luniiatis). 
TIa' ji.ials (l..|i,4i(l Inr lli-iv ruiiiai(ai a|i.ia llir ^yn..vial 
n.aaliraras. aial upua tli.^ Ii = a)a.ait.« aii.l flidoiis. aii.l m.. 
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viiriatiniis ill stiiK-tiirc and <-oiin.iisitioii of IIk'sc tissues 
will iiKidily til.- cllvctivriicss „r a joint 
I'liysical causes — 

Trauma (.lisliiraticins). 
lli-lalxilii- causes— 

Inllaninnitimis (artliiitis). 
Tnsii- aitliritis (cnuf). 



I.rsiuiis (,!■ nervous svslein (.'). 

Melaj.liasia (artlirilis ilelorinaiis) I •}. 
■rii.' Innelioiis or 111,, lenilous and liKanients de]i.'iid 
lllioii llieir tensile stieii-tli iliid this u|ioii tlieir striie- 
Inre. Tli.iieloiv variations in tin' striiHures ot tkesi- 
tissues will 1 lii'v llieir tuiietion. 



Trannia lru|ilure. strain. s|,raili). 



Jlctillioli,- l-UUS^S - 

liillniiiiiMliuiis I 
Tlic mns,-l,.» ,lrl,. 

illKl lllnvr lit is till' 

tiiiiis iiii'iiiitnii-tility 
iir Irss ,l,.|;-n.i. till. Ill 



liir iiiiivpiiinits ol till' hoily. 

\)iivs>iiiii i,f ■■iiiitnii'tiiity. Variii- 
till' iiiiisi-ii'S Miii iiiiiilil'y in ,i,M'i'ati'r 



Sii'liili.iiii 
ililintiit 



iiil'i^ii'iHii'iis !i',ill-ii 
Tiiiii..i's. 
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Hydrotliorax, 115 
Hvporoniia. general, 109 

"local, 109 
Hyj)erthorniia, 51 
Hypophysis, lesions of^ CA 

Iinimmity from iiifoctioii, 3S 
Tji(li<»estion, 75 

IiifaiitiUsm, associated with disease 
of the thyroid, (il 

associated with lesions of the 
liypophysis, 64 

defined, (U 
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Infarction, 117," 122, 12.'] 
Infection, defined, 3() 
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local, 38" 

ju'edisposition to. .'i7 

snsceptibility to, iJS 
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repair, 95 

septic, S9 

ty|>es, 97 
Iidierited diseases, 24 
Ions, .*>1 

Internal secretions, 5.") 
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symptoms of, dne to, 41 
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ijitestinal, 40 
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Lecithin, IS 

Leucopejiia. 109 

Lenkemia, 105) 

Lijuaments, 174 

rj_i;lit, as jdiysico-chemical ctiuse 

of disease, 31 
Lii;ht rays, 'M 
Li|)oid (l(\<;('neration, SI 
Liver, section of area of, 90 
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food, effect of, 43 
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internal secretions, 45, 53 

])ancreas, 69 
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])ara thyroids in, 61 
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result of, 46 

thymus, 61 
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Metastasis, defined, 39 
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illustrated, 59 
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(dassification, 139 

urinary (dunioes in, 139 
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cells, 168 
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Physical causes of disease, 27 

pressure, 27 
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boiic'P, and dotcriuiiip tlio amount and direetiim of move- 
iiiciit at tlio joints. 

Tlic strnctiirt! and conipositiaii ol' l)ono acconiits i'or 



-.in|Kisi1i..n will NHxIiiy tli.' nornial ri;iidity. 
I'hysical canscs— 
Trauma ( fractuivs). 



THE SIPPOJITIXG A:XD LOf'OMOTdllV SYSTEM 17.") 

bones, and dotcniiiiio tlic aiii<nnit iuid direction of movc- 
ini-iit at tilt! joints, 

Tlio strm-tun: an<l composition oL' lioiio accounts I'or 



r'i-idity. and tlirn-lon' variations in sti 
■n|>^^ition will niodily the in)r(iial ri.uidity 
I'hysical cansrs— 

Trainini (I'ra.-tnres). 



